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(57) ABSTRACT

An expanding agent for hematopoietic stem cells and/or
hematopoietic progenitor cells useful as a therapy for various
hematopoietic diseases and useful for improvement in the
efficiency of gene transfer into hematopoietic stem cells for
gene therapy is provided.

A method of producing hematopoietic stem cells and/or
hematopoietic progenitor cells, which comprises expanding
hematopoietic stem cells by culturing hematopoietic stem
cells ex vivo in the presence of a compound represented by the
formula following (1), a tautomer or pharmaceutically accept-
able salt of the compound or a solvate thereof (wherein R* to
R® are as defined in the description).
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1
METHOD FOR PRODUCING
HEMATOPOIETIC STEM CELLS USING
PYRAZOLE COMPOUNDS

TECHNICAL FIELD

The present invention relates to a method of expanding
hematopoietic stem cells and/or hematopoietic progenitor
cells using a compound having a blood cell expanding effect,
in particular, to a method of expanding hematopoietic stem
cells and/or hematopoietic progenitor cells by culturing
hematopoietic stem cells in a culture medium containing at
least one species selected from various cytokines and growth
factors, a gene therapy method using the expanding method
and a cell therapy material using hematopoietic stem cells
and/or hematopoietic progenitor cells obtained by the
expanding method.

BACKGROUND ART

Blood contains various lineages of blood cells having bio-
logical functions, such as the erythrocytic lineage associated
with oxygen delivery, the megakaryocytic lineage generating
thrombocytes, the granulocytic lineage associated with pre-
vention of infections, the myeloid lineage such as monocytes
and/or macrophages and the lymphocytic lineage responsible
for immunity such as T cells and B cells. All these blood cells
differentiate and mature from the common origin, hemato-
poietic stem cells, and are maintained and generated in an
individual throughout its life. Hematopoietic stem cells are
defined as cells having both pluripotency which allows them
to differentiate into functional cells such as lymphocytes,
erythrocytes and leukocytes and the ability to regenerate
themselves while maintaining the pluripotency (self-re-
newal).

Previous studies have revealed that hematopoietic stem
cells first diverge two ways into the myeloid lineage and the
lymphoid lineage, then differentiate into myeloid stem cells
(mixed colony forming cells, CFU-GEMM) and into lym-
phoid stem cells, respectively. Further, myeloid stem cells
differentiate into erythrocytes via erythroid burst forming
cells (BFU-E) and erythroid colony forming cells (CFU-E),
into thrombocytes via megakaryocyte colony forming cells
(CFU-MEQG), into monocytes, neutrophils and basophils via
granulocyte-macrophage colony forming cells (CFU-GM),
and into eosinophils via eosinophil colony forming cells
(CFU-EO), while lymphoid stem cells differentiate into T
cells via T lymphoid progenitor cells and into B cells via B
lymphoid progenitor cells. Among them, cells forming mul-
tipotential colonies with diameters of at least 1 mm are called
HPP-CFU colony forming cells and are known as the least
differentiated hematopoietic progenitor cells, along with
mixed colony forming cells (CFU-GEMM). These myeloid
stem cells and various hematopoietic progenitor cells derived
from them are identified by the properties of colonies they
form on soft agar, semisolid methylcellulose media or the like
in the presence of various cytokines (Non-Patent Document
D).

In recent years, as a curative therapy for a number of
intractable diseases such as various blood diseases attributed
to hematopoietic dysfunction and immune dysfunction, can-
cer, immunodeficiency, autoimmune diseases and inborn
error of metabolism, autologous or allogeneic transplantation
of hematopoietic stem cells have been performed. Quite
recently, the effectiveness of transplantation of CD34™ cells
including hematopoietic stem cells in treating cerebral inf-
arction, myocardial infarction and obstructive arteriosclero-
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sis was reported (Non-Patent Documents 2, 3, 4 and 5).
Attempts to regenerate nerves and muscles through hemato-
poietic stem cell transplantation are in progress. For example,
nerve regeneration in cerebral infarction model mice through
angiogenesis caused by transplantation of cord blood-derived
CD34* cells (Non-Patent Document 2) and the possibility of
repair of damaged muscles using CD34" cells were reported
(Non-Patent Document 5 and Patent Document 1). Among
them, bone marrow transplantation has been used in many
cases of treatment and most established as a standard hemato-
poietic cell transplantation therapy. However, because for
bone marrow transplantation, the human leukocyte antigens
(HLA) of the bone marrow donor and the transplant recipient
have to match closely, there is a problem that bone marrow
from donors are in short supply. Besides, the need for at least
4 days of hospitalization and pain, fever and bleeding caused
by collection of a large amount of bone marrow are a heavy
burden to donors.

In addition to bone marrow, peripheral blood is also used as
an alternative source of hematopoietic stem cells nowadays.
Hematopoietic stem cells mobilized from the bone marrow to
peripheral blood by administration of granulocyte colony
stimulating factor (G-CSF) to a human are used for transplan-
tation after enrichment using a blood cell separator. However,
donors for peripheral blood hematopoietic stem cell trans-
plantation have to bear a heavy burden of the need for admin-
istration of G-CSF for 4 to 6 consecutive days which may
cause side effects (such as blood coagulation and spleen
hypertrophy). Besides, because the efficiency of the mobili-
zation of hematopoietic stem cells from the bone marrow to
peripheral blood by G-CSF varies from donor to donor,
hematopoietic stem cells are not obtained sufficiently in some
cases.

Just recently, it has been found that cord blood contains the
same degree of hematopoietic stem cells as bone marrow and
is useful for hematopoietic stem cell transplantation (Non-
Patent Document 6). Because cord blood transplantation does
not require complete HLA matching and is less likely to cause
severe acute graft-versus-host disease (GVHD) than bone
marrow and peripheral blood transplantation, cord blood is
established as useful and has been used more frequently.
However, because cord blood is obtained in a small amount
from one donor and does not contain many hematopoietic
stem cells, its use is mainly limited to children.

Furthermore, hematopoietic stem cells are also considered
as useful cells for gene therapy of fatal genetic diseases with
no effective cure, HIV infection, chronic granulomatosis and
germ cell tumor. However, in order to transfect hematopoietic
stem cells with a retrovirus vector carrying a target gene
efficiently, it is necessary to artificially promote the prolifera-
tion of hematopoietic stem cells, which are usually in the
stationary phase, by recruiting them into the cell cycle.
Besides, in order to be successtully transplanted and express
a transgene for a long time, the transfected hematopoietic
stem cells have to be kept undifferentiated in culture ex vivo.
Therefore, gene transfer by an improved cell culture method
has been desired for efficient gene transfer and successful
transplantation therapy (Non-Patent Document 7).

Meanwhile, hematopoietic progenitor cells are important
for initial hematopoietic recovery after bone marrow or cord
blood transplantation and are considered as effective, espe-
cially, in preventing early posttransplant infections. There-
fore, transplantation of an insufficient number of hematopoi-
etic progenitor cells can delay initial hematopoietic recovery
and lower the posttransplant survival rate (Non-Patent Docu-
ment 8).



US 9,212,348 B2

3

To solve the above-mentioned problems with hematopoi-
etic stem cell transplantation and gene therapy, a technique
for expanding hematopoietic stem cells and/or hematopoietic
progenitor cells ex vivo is demanded, and various culture
methods have been attempted so far.

Here, hematopoietic stem cells and hematopoietic progeni-
tor cells, which are to be cultured, are explained. It was
revealed that in human, hematopoietic stem cells and various
hematopoietic progenitor cells derived from them are found
in populations of CD34™ cells expressing the CD34 molecule
as a cell surface antigen, and hence hematopoietic stem cells
can be enriched as a CD34* cell population (Non-Patent
Document 9). Specifically speaking, they are often enriched
by mixing a cell population to be separated with a CD34
antibody labeled with magnetic beads and magnetically col-
lecting CD34* cells (Non-Patent Documents 10 and 11).
CD34* cell populations contain less than 10% of CD34*
CD38" cell populations not expressing the CD38 molecule as
a cell surface antigen. It has come to be considered that
hematopoietic stem cells are more enriched in CD34*CD38"~
cell populations than in CD34™ cell populations (Non-Patent
Documents 12 and 13). In order to determine the proportion
of undifferentiated hematopoietic progenitor cells in a cell
population, HPP-CFU colony forming cells are usually
counted as mentioned above (Non-Patent Document 14). In
recent years, it has become possible to experimentally test for
the presence of human hematopoietic stem cells which have
bone marrow repopulating ability by using NOD/SCID mice
obtained by crossing diabetic mice and immunodeficient
mice. The cells detected by this assay are called SCID-re-
populating cells (SRC) and considered the closest to human
hematopoietic stem cells (Non-Patent Document 15).

Conventional techniques for expanding hematopoietic
stem cells and/or hematopoietic progenitor cells will also be
explained. As mentioned above, since hematopoietic stem
cells are more enriched in CD34" cells, CD34* cells are
mainly used as the starting cells for expansion. Expansion of
hematopoietic stem cells and hematopoietic progenitor cells
from CD34" cells in culture in the presence of a cytokine or a
growth factor such as stem cell factor (SCF), interleukin-3
(IL-3), interleukin-6 (IL-6), interleukin-6 (IL-6)/soluble IL.-6
receptor complex, interleukin-11 (IL-11), granulocyte colony
stimulating factor (G-CSF), granulocyte-macrophage colony
stimulating factor (GM-CSF), fik2/f1t3 ligand (FL), throm-
bopoietin (TPO) and erythropoietin or Notch ligand (such as
Delta 1) has been reported (Patent Documents 2 and 3 and
Non-Patent Documents 8, 14, 16 and 17). Among them, TPO
has especially excellent effect on hematopoietic stem cell
expansion and used for in most of cases of expansion (Non-
Patent Document 18). Hematopoietic stem cells and hemato-
poietic progenitor cells expand in culture in the presence of
such various cytokines and growth factors, but hematopoietic
stem cells expand only by several times. Besides, these cytok-
ines and growth factors are all produced as recombinant pro-
teins, it may be difficult to obtain them for expansion stably,
in a large amount, at low cost, or quickly.

For ex vivo expansion of hematopoietic stem cells, cocul-
ture systems using a different type of cells as feeder cells in
the presence of various cytokines were reported. For
example, expansion of hematopoietic stem cells in coculture
with human bone marrow stromal cells was attempted (Non-
Patent Document 19). An attempt to expand CD34" cells in
the presence of TPO, FL and SCF using mouse bone marrow
cell line HESS-5 was also reported (Non-Patent Document
20). However, because these coculture systems use foreign
cells, there is a risk that cells infected with an unknown
pathogen whose existence has not been confirmed may also
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be transplanted to patients. Furthermore, when stromal cells
from a different kind of animal are used, the stromal cells have
to be separated completely from CD34* cells because other-
wise there is a risk of causing immune response in the recipi-
ent after transplantation.

In addition, ex vivo expansion of hematopoietic stem cells
in culture in the presence of various cytokines such as TPO
combined with low molecular weight compounds, not just
various cytokines only, has been reported. Examples of such
low molecular weight compounds include copper chelators,
the combination of a histone deacetylase inhibitor and a DNA
methylase inhibitor, all-trans retinoic acid, aldehyde dehy-
drogenase inhibitors, arylhydrocarbon receptor antagonists
and the like (Non-Patent Documents 21, 22, 23 and 24 and
Patent Document 4). However, addition of any of them is not
effective enough since hematopoietic stem cells expand by
only several times, or cells have to be cultured for about 3
weeks.

It is known that treatments which promote rapid hemato-
poietic and immune recovery after transplantation of hemato-
poietic stem cells are quite effective in eliminating the risk of
infections and shortening hospitalization. As such a treat-
ment, posttransplant administration of the hematopoietic
cytokine, granulocyte colony stimulating factor (G-CSF), is
conducted in clinical settings (Non-Patent Document 25).
However, it is effective only for leukocytes, and effective
treatments which promote recovery of blood cells of all lin-
eages through expansion of hematopoietic stem cells and/or
hematopoietic progenitor cells before transplantation are
demanded.

PATENT DOCUMENTS

Patent Document 1: JP-A-2009-40692
Patent Document 2: JP-A-2001-161350
Patent Document 3: JP-A-2000-23674
Patent Document 4: JP-A-2002-502617

NON-PATENT DOCUMENTS

Non-Patent Document 1: Lu, L. et al.; Exp. Hematol., 1983
vol. 11, p. 721-9

Non-Patent Document 2: Taguchi, A et al.; J Clin Invest.,
2004, vol. 114, 330-8

Non-Patent Document 3: Orlic, D et al.; Nature, 410, 701-
5.2001

Non-Patent Document 4: Tateishi-Yuyama, E et al.; Lancet,
360, 427-35. 2002

Non-Patent Document 5: Iwasaki, H et al.; Circulation, 2006,
vol. 113, 1311-25

Non-Patent Document 6: Kurtzberg, J. et al.; New Eng. J.
Med., 1996, vol. 335, p. 157-66

Non-Patent Document 7: Nathwani, A C. et al.; Br J. Haema-
tol., 2005, vol. 128, p. 3-17

Non-Patent Document 8: Delaney, C. et al.; Nat. Med., 2010,
vol. 16, p. 232-6

Non-Patent Document 9: Ema, H. et al.; Blood, 1990, vol. 75,
p- 1941-6

Non-Patent Document 10: Ishizawa, L. et al.; J. Hematother.,
1993, vol. 2, p. 333-8

Non-Patent Document 11: Cassel, A. et al.; Exp. Hematol.,
1993, vol. 21, p. 585-91

Non-Patent Document 12: Bhatia, M. et al.; Proc. Natl. Acad.
Sci. USA, 1997, vol. 94, p. 5320-25

Non-Patent Document 13: Larochelle, A. et al.; Nat. Med.,
1996, vol. 2, p. 1329-37



US 9,212,348 B2

5

Non-Patent Document 14: Shah, A T et al.; Blood., 1996, vol.
87, p- 3563-3570

Non-Patent Document 15: Dick, J E et al.; Stem Cells., 1997,
vol. 15, p. 199-203

Non-Patent Document 16: Suzuki, T et al.; Stem Cells., 2006,
vol. 24, p. 2456-2465

Non-Patent Document 17: McNiece et al.; Blood., 2000, vol.
96, p. 3001-3007

Non-Patent Document 18: Kaushansky, K et al.; Ann NY
Acad. Sci., 2005, vol. 1044, p. 139-141

Non-Patent Document 19: Kawano, Y et al.; Exp Hematol.,
2006, vol. 34, p. 150-8

Non-Patent Document 20: Kawada, H et al.; Exp Hematol.,
1999, vol. 27, p. 904-15

Non-Patent Document 21: Chute, J P et al.; Proc Natl Acad
Sci USA., 2006, vol. 103, p. 11707-12

Non-Patent Document 22: Milhem, M et al.; Blood., 2004,
vol. 103, p. 4102-10

Non-Patent Document 23: Leung, AY et al.; Exp Hematol.,
20053, vol. 33, p. 422-7

Non-Patent Document 24: Boitano, A E et al.; Science., 2010,
vol. 329, p. 1345-8

Non-Patent Document 25: Appelbaum, F R.; Cancer., 1993,
vol. 72, p. 3387-92

DISCLOSURE OF THE INVENTION
Technical Problem

An object of the present invention is to expand hematopoi-
etic stem cells and/or hematopoietic progenitor cells ex vivo
efficiently in a short term using a biologically safe and inex-
pensively obtainable compound. Another object of the
present invention is to use an index more effective than con-
ventional ones in determining the expansion effect of such a
compound on hematopoietic stem cells. A still another object
of the present invention is to provide an expansion agent for
hematopoietic stem cells and/or hematopoietic progenitor
cells useful for improvement in the efficiency of gene transfer
into hematopoietic stem cells for gene therapy and useful for
treatment of various hematopoietic disorders caused by dys-
functional hematopoietic stem cells and/or hematopoietic
progenitor cells and muscle and nerve diseases accompany-
ing damaged tissues.

Solution to Problems

The present inventors conducted extensive research on
compounds having expansion activity to find a method of
expanding hematopoietic stem cells and/or hematopoietic
progenitor cells from human hematopoietic stem cells. As a
result, the present inventors found that the compounds repre-
sented by the following formula show excellent expansion
activity on CD34* cells, CD34*CD38" cells, HPP-CFU
colony forming cells, and SRC and are highly useful as an
expansion agent for human hematopoietic stem cells and/or
hematopoietic progenitor cells and accomplished the present
invention.

Namely, the present invention relates to the following [1] to
[29]:

[1] A method of producing hematopoietic stem cells and/or
hematopoietic progenitor cells, which comprises expanding
hematopoietic stem cells and/or hematopoietic progenitor
cells by culturing hematopoietic stem cells ex vivo in the
presence of a pyrazole compound represented by the formula
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[wherein R! is a hydrogen atom, C,-C,,, alkyl, C,-C,, alkyl
substituted with R'”, C,-C,,, haloalkyl, C,-C,, cycloalkyl,
C;-C,, halocycloalkyl, C,-C, , alkenyl, C,-C,, alkenyl sub-
stituted with a halogen atom, C,-C, , alkynyl, C,-C,, alkynyl
substituted with a halogen atom, —C(Q)R'?, —C(O)OR'?,
—C(ONRP)R'?, —CR'»)=NR'?, —C(R'*)==NOR*?,
D1 to D23, cyano, phenyl, phenyl substituted with a R*!’s,
benzyl or benzyl having a benzene ring which may be sub-
stituted with a R''*s, when a is an integer of at least 2, each
R'' may be identical with or different from one another, and
when there are two neighboring R'*’s, the two neighboring
R'"’s may form —CH,CH,CH,— —CH,CH,0—,
—CH,OCH,—, —OCH,0—, —CH,CH,S—,
—CH,SCH,—, —CH,CH,N(R*)—, —CH,N(R")CH,—,

—CH,CH,CH,CH,—, —CH,CH,CH,0—,
—CH,CH,OCH,—, —CH,0OCH,0—, —OCH,CH,0—,
—OCH,CH,S—, —CH,CH—CH—, —OCH—CH—,
—SCH—CH—, —N®R"»)CH—CH—, —OCH—N—,
—SCH—N—, —N®R)CH—N—, —NR*)N—CH—,
—CH—CHCH—CH—, —OCH,CH—CH—,
—N—CHCH—CH—, —N—CHCH—N— or
—N—CHN—CH—to form, together with the carbon atoms

attached to the two R*'’s, a 5-membered or 6-membered ring
which may have one or more hydrogen atoms on the ring-
constituting carbon atoms replaced by one or more Z’s which
may be identical with or different from one another, if two or
more 7’s are present,

R? is a hydrogen atom, a halogen atom, cyano, C,-C, alkyl,
C,-C,, cycloalkyl, C,-C,, alkenyl, C,-C,, alkenyl substi-
tuted with a halogen atom, C,-C,, alkynyl, C,-C,, alkynyl
substituted with a halogen atom, —C(Q)R'?, —C(O)OR'?,
—C(ONRP)R'?, —CR'»)=NR'?, —C(R'*)==NOR*?,
D1 to D23, benzyl, benzyl having a benzene ring optionally
substituted with e R*’s, phenyl or phenyl optionally substi-
tuted with e R**’s, when e is an integer of at least 2, each R**

may be identical with or different from one another,

when there are two neighboring R*!’s, the two neighboring
R*’s may form —CH,CH,CH,— —CH,CH,0—,
— CH,0CH,—, — OCH,O—, — CH,CH,S—,
— CH,SCH,— CH,CH,N(R*)—,  —CH,NR")CH,—.
— CH,CH,CH,CH,—, — CH,CH,CH,0—,
— CH,CH,0CH,—, —CH,0CH,0—, —OCH,CH,0—,
— OCH,CH,S—, —CH,CH—CH—, —OCH—CH—,
— SCH—CH—, —N(R)CH—CH—, —OCH—N—,
_ SCH=N—, —NR)CH—N—, — N(R")N—CH—,
—CH=CHCH=—CH—, —OCH,CH—CH—,
—N—CHCH=—=CH—, —N—CHCH=—N— or

—N—CHN—CH—to form, together with the carbon atoms
attached to the two R*"’s, a 5-membered or 6-membered ring
which may have one or more hydrogen atoms on the ring-
constituting carbon atoms replaced by one or more Z’s which
may be identical with or different from one another, if two or
more 7’s are present,
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R? is a hydrogen atom, C,-Cj alkyl, C;-C, cycloalkyl, C,-Cg
alkoxy C,-C; alkyl, C,-C, alkenyl, C,-C alkenyl optionally
substituted with R**, C,-C 4 alkynyl, C,-C alkynyl optionally
substituted with R>!, —C(O)R'?, —C(O)OR'?, —C(O)N
(R')R*3, —Si(R**)(R>**R>*, benzyl or benzyl having a ben-
zene ring which may be substituted with g R'*’s, and when g
is an integer of at least 2, each R*> may be identical with or
different from one another,

X is a single bond or —(CR°R”) —

each of R* and R® is independently C,-C, alkyl or C5-Cg
cycloalkyl, and R* and R® may form —CH,CH,—,
—CH,CH,CH,—, —CH,CH,CH,CH,— or
—CH,CH,CH,CH,CH,— to form a 3-membered, 4-mem-
bered, S-membered or 6-membered ring together with the
carbon atoms attached to R* and R”,

each of R%and R” is independently a hydrogen atom or C,-C
alkyl,

R®is D1 to D23, E1 to E8, M1 to M9, C,-C,, cycloalkyl, F1,
F2, C5-C,, cycloalkenyl, phenyl or phenyl optionally substi-
tuted with k R®!’s, and when k is an integer of at least 2, each
R®!' may be identical with or different from one another,

when there are two neighboring R®'s, the two neighboring
R**’s may form —CH,CH,CH,— —CH,CH,0—

—CH,OCH,—, —O0CH,0—, — CH,CH,S—,
—CH,SCH,—, —CH,CH,N(R*—, —CH,N(R")CH,—,
—CH,CH,CH,CH,—, — CH,CH,CH,O—,
—CH,CH,OCH,—, —CH,0CH,0—, —OCH,CH,0—,
—OCH,CH,S—, —CH,CH—CH—, —OCH—CH
—SCH—CH—, —N®)CH=CH—, —OCH=N—,
—SCH=N—, —N®)CH=N—, —N®R)N—CH
— CH—CHCH—CH—, —OCH,CH—CH—,

—N—CHCH—CH—, —N—CHCH—N— or
—N—CHN—CH—to form, together with the carbon atoms
attached to the two R®'’s, a 5-membered or 6-membered ring
which may have one or more hydrogen atoms on the ring-
constituting carbon atoms replaced by one or more Z’s which
may be identical with or different from one another, if two or
more 7’s are present,

D1 to D23 are aromatic heterocyclic rings represented by the
following structural formulae, respectively,
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M1 to M9 are partially unsaturated aromatic heterocyclic
rings represented by the following formulae, respectively,
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-continued
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F1 to F2 are rings represented by the following formulae,
respectively,

F1

F2

R¥ is a hydrogen atom, C,-C, alkyl, C,-C, haloalkyl, C5-Cyq
cycloalkyl, C;-C4 halocycloalkyl, —OR®*?, —C(O)R'?,
—C(O)OR"2, phenyl, phenyl which may be substituted with
dR'’s, benzyl or benzyl having a benzene ring which may be
substituted with d R>*s, and when d is an integer of at least 2,
each R'”> may be identical with or different from one another,
R” is C,-C,, alkyl, C,-C,, haloalkyl, C;-C,, cycloalkyl,
C;-C, halocycloalkyl, phenyl, phenyl which may be substi-
tuted with d R'>’s, benzyl or benzyl having a benzene ring
which may be substituted with d R'*’s, and when d is an
integer of at least 2, each R'> may be identical with or differ-
ent from one another,

R? is a halogen atom, cyano, nitro, C,-C,, alkyl, C,-C,,
haloalkyl, C,-C,, alkoxy, C,-C,, haloalkoxy, alkylsulfony-
loxy, haloalkylsulfonyloxy, alkylthio, haloalkylthio, alkyl-
sulfinyl, haloalkylsulfinyl, alkylsulfonyl, haloalkylsulfonyl,
—C(O)NH,, —C(S)NH,, —S(0),NH,, phenoxy, phenyl or
phenyl which may be substituted with m R'®’s, and when m
is an integer of at least 2, each R'® may be identical with or
different from one another, and

when s1, s2 or s3 is an integer of at least 2, each R* may be
identical with or different from one another, and

when there are two neighboring R*’s, the two neighboring
R*’s, may form —CH,CH,CH,—, —CH,CH,CH,OCH,—,
—OCH,0—, CH,CH,S—, —CH,SCH,—, —CH,CH,N

(R)—, —CHNR®R)CH, -, —CH,CH,CH,CH,
—CH,CH,CH,0—, —CH,CH,OCH,—,
—CH,OCH,0—, —OCH,CH,0—, —OCH,CH,S—,
—CH,CH—CH—, —OCH—CH-, —SCH—CH
—NR®R*)CH=CH—, —OCH=N—, —SCH=N—,
— NR*)CH=N—, — NR*)N—CH—,
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—CH—CHCH—CH—, —OCH,CH—CH—,
—N—CHCH—CH—, —N—CHCH—N— or
—N—CHN—CH—to form, together with the carbon atoms
attached to the two neighboring R*’s, a 5-membered or
6-membered ring which may have one or more hydrogen
atoms on the ring-constituting carbon atoms replaced by one
ormore Z’s which may be identical with or different from one
another, if two or more Z’s are present,
R is a halogen atom, C,-C, alkyl, C,-C,, alkoxy, C,-C,,
haloalkyl, C,-C,, haloalkoxy, C;-C,, cycloalkyl, C;-C,,
cycloalkoxy, C;-C,, halocycloalkyl, C;-C,, halocy-
cloalkoxy, C,-C; alkoxy(C, -Cy) alkyl, C,-C4 alkoxy(C,-Cy)
alkoxy, nitro, cyano or phenyl,
each of R'* and R'® is independently a hydrogen atom,
C,-C,, alkyl, C5-C,, cycloalkyl, C,-C,, haloalkyl, C5-C,,
halocycloalkyl, D1 to D23, benzyl, benzyl having a benzene
ring which may optionally be substituted with b R'*’s, phenyl
or phenyl which may optionally be substituted with b R**’s,
and when b is an integer of at least 2, each R'* may be
identical with or different from one another, and
when there are two neighboring R'*’s, the two neighboring

R"™s may form —CH,CH,CH,— —CH,CH,0—,
—CH,OCH,—, —OCH,0—, —CH,CH,S—,
—CH,SCH,—CH,CH,N(R")—, —CH,NR"CH,—,
—CH,CH,CH,CH,—, —CH,CH,CH,0—,
—CH,CH,OCH,—, —CH,0OCH,—, —OCH,CH,0—,
—OCH,CH,S—, —CH,CH—CH—, —OCH—CH—,
—SCH—CH—, —N(R»)CH—CH—, —OCH—N—,
—SCH—N—, —NR*)CH—N—, —NR")N—CH—,
—CH—CHCH—CH—, —OCH,CH—CH—,
—N—CHCH—CH—, —N—CHCH—N— or

—N—CHN—CH—to form, together with the carbon atoms
attached to the two R**’s, a 5-membered or 6-membered ring
which may have one or more hydrogen atoms on the ring-
constituting carbon atoms replaced by one or more Z’s which
may be identical with or different from one another, if two or
more 7’s are present,

R' is a halogen atom, nitro, cyano, C,-C,, alkyl, C,-C,,
haloalkyl, C,-C,, alkoxy, C,-C,, haloalkoxy, phenoxy or
phenyl,

R'? is a halogen atom, C,-C, alkyl, C,-C, alkoxy, C,-Cq
haloalkyl, C,-C, haloalkoxy, C;-C cycloalkyl, C;-Cg
cycloalkoxy, C;-C halocycloalkyl, C,-C halocycloalkoxy,
nitro, cyano or phenyl,

R!¢ is a halogen atom, C,-C,, alkyl, C,-C, alkoxy, C,-C,
haloalkyl, C,-C,, haloalkoxy, C;-C,, cycloalkyl, C;-C,,
cycloalkoxy, C;-C,, halocycloalkyl, C;-C,, halocy-
cloalkoxy, nitro, cyano or phenyl, and when there are two
neighboring R'®’s, the two neighboring R'®’s may form
—OCH,0— to form a 5-membered ring together with the
carbon atoms to the two R*%’s,

R'7 is —C(O)OR'?, phenyl or phenyl substituted with a
R'"’s, and when a is an integer of at least 2, each R'' may be
identical with or different from one another,

R*! is a halogen atom, nitro, cyano, C,-C,, alkyl, C,-C,,
haloalkyl, C;-C,, cycloalkyl, C;-C,, halocycloalkyl, C,-C
alkoxy(C,-C,) alkyl, —OR?**, —C(O)R**, —C(0)OR*,
—NR*R?**, —C(O)NR**R**, —S(0),NR**R?*, phenyl or
phenyl which may be substituted with £ R**’s, and when f is
an integer of at least 2, each R** may be identical with or
different from one other, and

when there are two neighboring R**’s, the two neighboring
R**’s may form —CH,CH,CH,— —CH,CH,0—,
—CH,OCH,—, —OCH,0—, —CH,CH,S—,
—CH,SCH,—, —CH,CH,N(R*)—, —CH,N(R")CH,—,
—CH,CH,CH,CH,—, —CH,CH,CH,0—,
—CH,CH,OCH,—, —CH,0OCH,0—, —OCH,CH,0—,
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— OCH,CH,$, —CH,CH—CH -, —OCH—CH
~ SCH—CH-, —NR)CH—=CH -, —OCH=N_,
~SCH=N—, —NR®R)CH=N_—, —NR)N—CH .,
~ CH—CHCH—CH — OCH,CH—CH
~ N—CHCH—CH ~ N—CHCH—N_ or

—N—CHN—CH—to form, together with the carbon atoms
attached to the two R**’s, a 5-membered or 6-membered ring
which may have one or more hydrogen atoms on the ring-
constituting carbon atoms replaced by one or more Z’s which
may be identical with or different from one another, if two or
more 7’s are present,

R?2 is a halogen atom, C,-C,, alkyl, C,-C, alkoxy, C,-C,
haloalkyl, C,-C,, haloalkoxy, C;-C,, cycloalkyl, C;-C,,
cycloalkoxy, C;-C,, halocycloalkyl, C;-C,, halocy-
cloalkoxy, nitro, cyano or phenyl,

R?? is a hydrogen atom, C,-C,, alkyl, C,-C,, haloalkyl,
C;-C,, cycloalkyl, C;-C, 4 halocycloalkyl, C,-C alkoxy(C, -
C,) alkyl, phenyl, phenyl which may be substituted with f
R**’s, benzyl or benzyl having a benzene ring which may be
substituted with f R**’s, when fis an integer of at least 2, each
R*? may be identical with different from one another,

each of R** and R*® is independently a hydrogen atom,
C,-C,, alkyl, C;-C,, cycloalkyl, C,-C,, haloalkyl, C,-C,,
halocycloalkyl, benzyl, benzyl having a benzene ring which
may optionally be substituted with b R'*’s, 1-phenethyl,
1-phenethyl having a benzene ring which may optionally be
substituted with b R'*'s, 2-phenethyl, 2-phenethyl having a
benzene ring which may optionally be substituted with b
R'*s, phenyl or phenyl which may optionally be substituted
with b R'’s, and when b is an integer of at least 2, each R**
may be identical with or different from one another,

R?! is a halogen atom or phenyl,

each of R*2, R** and R** is independently C,-C,, alkyl,
C;-C,, cycloalkyl, benzyl, benzyl having a benzene ring
which may optionally be substituted with b R'*’s, phenyl or
phenyl which may optionally be substituted with b R'*’s, and
when b is an integer of at least 2, each R'* may be identical
with or different from one another,

R®! is a halogen atom, nitro, cyano, C,-C,, alkyl, C,-C,,
haloalkyl, C;-C,, cycloalkyl, C,-C,, halocycloalkyl, C,-C
alkoxy(C,-C4)  alkyl, —OR?, —C(R®)=NR*,
—C(R®)=NOR®, —C(O)R**, —C(0)OR?**, —S(O)CR*,
—O0S(0),R**, —NR*R>**, —C(O)NR**R*>, —C(S)NH,,
—S(0),NR**R??, pheny] or phenyl which may be substituted
with m R**’s, and when m is an integer of at least 2, each R**
may be identical with or different from one another,

R®2is a hydrogen atom, C,-C alkyl, C,-C haloalkyl, C5-C
cycloalkyl, C;-C4 halocycloalkyl, C,-C, alkoxy(C,-Cg)
alkyl, phenyl, phenyl which may be substituted with d R**’s,
benzyl or benzyl having a benzene ring which may be sub-
stituted with d R'*’s, and when d is an integer of at least 2,
each R'* may be identical with or different from one another,
each of R®** and R®** is independently a hydrogen atom, C,-Cg
alkyl, C,-C; haloalkyl, C;-C4 cycloalkyl, C;-C; halocy-
cloalkyl, phenyl, phenyl which may be substituted with d
R'*’s, benzyl or benzyl having a benzene ring which may be
substituted with d R>*s, and when d is an integer of at least 2,
each R'' may be identical with or different from one another,
Z is a halogen atom, cyano, nitro, C,-C,, alkyl, C,-C,,
haloalkyl, C,-C,, alkoxy, C,-C,, haloalkoxy, alkylsulfony-
loxy, haloalkylsulfonyloxy, alkylthio, haloalkylthio, alkyl-
sulfinyl, haloalkylsulfinyl, alkylsulfonyl, haloalkylsulfonyl,
—C(O)NH,, —C(S)NH,, or —S(0O),NH,,

a, b, d, e, f, g, k and m are integers of from 1 to 5,

¢ is an integer of from 0 to 2,

ql is an integer of from 0 to 3,

g2 is an integer of from 0 to 5,
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g3 is an integer of from 0 to 7,

g4 is an integer of from 0 to 6,

g5 is an integer of from 0 to 4,

r is an integer of from O to 2,

sl is an integer of from 0 to 4,

s2 is an integer of from 0 to 3,

s3 is an integer of from 0 to 2,

s4 is an integer of O or 1,

n is an integer of 1,

t is an integer of from O or 1,

u is an integer of 0 or 1], a tautomer of the compound or a
pharmaceutically acceptable salt or solvate thereof.

[2] The method of producing hematopoietic stem cells and/or
hematopoietic progenitor cells according to claim 1, wherein
X is —(CR°R"),—.

[3] The method of producing hematopoietic stem cells and/or
hematopoietic progenitor cells according to claim 2, wherein
R'is C,-C,, alkyl, C,-C,, alkyl substituted with R'?, C,-C
haloalkyl, C;-C4 cycloalkyl, —C(O)R'?, —C(O)OR'?,
—C(ONRP)R'?, —CR'»)=NR'?, —C(R'*)==NOR*?,
D1 to D12, D18, D19, D21 to D23, phenyl or phenyl substi-
tuted with a R'*’s, and when a is an integer of at least 2, each
R'' may be identical with or different from one another,
when there are two neighboring R'!’s, the two neighboring
R*’s may form —OCH,0—, —OCH,CH,0—,
—OCH—CH—, —CH—CHCH—CH— or
—N—CHCH—CH— to form, together with the carbon
atoms attached to the two R'!’s, a 5-membered or 6-mem-
bered ring which may have one or more hydrogen atoms on
the ring-constituting carbon atoms optionally replaced by one
ormore Z’s which may be identical with or different from one
another, if two or more Z’s are present,

R? is a hydrogen atom, a halogen atom, C,-Cj alkyl, C5-Cq
cycloalkyl, D1, D2, D4 to D12, D18, D19, D21 to D23,
—C(O)R'?, —C(O)OR™, benzyl, benzyl having a benzene
ring optionally substituted with e R*"’s, phenyl or phenyl
optionally substituted with e R*"’s, when e is an integer of at
least 2, each R** may be identical with or different from one
another,

when there are two neighboring R*!’s, the two neighboring
R*’s may form —OCH,0—, —OCH,CH,0—,
—OCH—CH— or —CH—CHCH—CH—to form, together
with the carbon atoms attached to the two R*'’s, a 5-mem-
bered or 6-membered ring which may have one or more
hydrogen atoms on the ring-constituting carbon atoms
replaced by one or more Z’s which may be identical with or
different from one another, if two or more Z’s are present,
R? is a hydrogen atom, C,-C,, alkyl, C,-C, cycloalkyl, C,-C,
alkoxy(C,-C,) alkyl, —C(O)R'?, —C(O)OR'?, —C(O)N
(RR'?, —Si(R**)(R**)R>*, benzyl or benzyl having a ben-
zene ring which may be substituted with g R*>’s, and when g
is an integer of at least 2, each R'> may be identical with or
different from one another,

each of R* and R” is independently C,-C,, alkyl,

each of R® and R is a hydrogen atom,

R®is D1, D2, D4, D5, D7 to D12, D19, D22, D23, E1 to E8,
F1, F2, C5-C,, cycloalkyl, phenyl or phenyl optionally sub-
stituted with k R®"’s, and when k is an integer of at least 2,
each R®! may be identical with or different from one another,
when there are two neighboring R*'’s, the two neighboring
R**’s may form —OCH,0— —CH,CH,CH,—,
—OCH,CH,0—, —OCH—CH—, —CH—CHCH—CH—
or —N—CHCH—CH— to form, together with the carbon
atoms attached to the two R®'’s, a 5-membered or 6-mem-
bered ring which may have one or more hydrogen atoms on
the ring-constituting carbon atoms replaced by one or more
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Z’s which may be identical with or different from one
another, if two or more Z’s are present,

R¥ is a hydrogen atom, C,-C; alkyl, C,-C haloalkyl or phe-
nyl,

R”is C,-C; alkyl, C;-C; cycloalkyl, phenyl or phenyl which
may be substituted with d R'*’s, and when d is an integer of
atleast 2, each R*> may be identical with or different from one
another,

R? is ahalogen atom, C,-C, alkyl, phenoxy, phenyl or phenyl
which may be substituted with m R*®’s, and when m is an
integer of at least 2, each R' may be identical with or differ-
ent from one another, and when s1, s2 or s3 is an integer of at
least 2, each R* may be identical with or diftferent from one
another,

R is a halogen atom, C,-C,, alkyl, C,-C,, alkoxy, C,-C,,
haloalkyl, —C,, haloalkoxy, C,-C, alkoxy(C,-Cy) alkyl,
C,-C; alkoxy(C, -Cy) alkoxy, nitro or phenyl,

each of R'? and R'? is independently a hydrogen atom, C,-Cg
alkyl, C;-C; cycloalkyl, C,-C, haloalkyl, C,-C, halocy-
cloalkyl, D2, D4, D5, D7, D21, D22, D23, benzyl, benzyl
having a benzene ring which may optionally be substituted
with b R'*’s, phenyl or phenyl which may optionally be
substituted with b R'*’s, and when b is an integer of at least 2,
each R'* may be identical with or different from one another,

when there are two neighboring R'*’s, the two neighboring
R'*s may form —OCH,0—, —OCH,CH,0—,
—OCH—CH—, —CH—CHCH—CH— or

—N—CHCH—CH— to form, together with the carbon
atoms attached to the two R'*’s, a S-membered or 6-mem-
bered ring which may have one or more hydrogen atoms on
the ring-constituting carbon atoms replaced by one or more
Z’s which may be identical with or different from one
another, if two or more Z’s are present,

R'* is a halogen atom, nitro, cyano, C,-C4 alkyl, C,-Cq
haloalkyl, —C, alkoxy, —C haloalkoxy, phenoxy or phenyl,
R'? is a halogen atom, C,-C, alkyl, C,-C, alkoxy or C,-Cg
haloalkyl,

R'¢ is a halogen atom, C,-C,, alkyl, C,-C,, alkoxy, C,-C,,
haloalkyl or C,-C,, haloalkoxy, and when there are two
neighboring R'®’s, the two neighboring R'®’s may form
—OCH,0— to form a 5-membered ring together with the
carbon atoms to the two R'%’s,

R*!' is a halogen atom, C,-C,, alkyl, C5-C,, cycloalkyl,
C,-C,, alkoxy, C,-C, alkoxy(C,-Cs) alkoxy, C,-C,,
haloalkyl, —C, , haloalkoxy, nitro, cyano, phenoxy, phenyl or
phenyl which may be substituted with f R**’s, and when £ is
an integer of at least 2, each R** may be identical with or
different from one other,

R*? is a halogen atom, C,-C |, alkyl, C,-C,, alkoxy, C,-C,,
haloalkyl or C,-C, , haloalkoxy and when there are two neigh-
boring R**’s, the two neighboring R*®’s may form
—OCH,0— to form, together with the carbon atoms
attached to the two R**’s, a 5-membered ring

each of R*?, R*? and R** is independently C,-C alkyl, C5-Cg
cycloalkyl, benzyl, benzyl having a benzene ring which may
optionally be substituted with b R'*’s, phenyl or phenyl
which may optionally be substituted with b R'*’s, and when
b is an integer of at least 2, each R** may be identical with or
different from one another,

R®! is a halogen atom, C,-C, alkyl, C,-C, haloalkyl, C,-Cg
alkoxy, C,-C cycloalkoxy, C,-C, haloalkoxy, C,-C halocy-
cloalkoxy, C,-C alkoxy(C, -Cy) alkyl, C,-C, alkoxy(C,-Cy)
alkoxy, C,-C cycloalkyl, C;-Chalocycloalkyl, phenyl, phe-
noxy, nitro or cyano, and

Z is a halogen atom or C,-C; alkyl.

[4] The method of producing hematopoietic stem cells and/or
hematopoietic progenitor cells according to claim 3, wherein
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R! is C,-Cy alkyl, C,-Cy alkyl substituted with R'7, C,-Cj
haloalkyl, C,-C cycloalkyl, —C(O)OR'?, D2, D4, D5, D7,
D21 to D23, phenyl or phenyl substituted with a R*"’s, and
when a is an integer of at least 2, each R*! may be identical
with or different from one another, when there are two neigh
R'Y’s, the two neighboring R'"’s may form
—CH—CHCH—CH— to form, together with the carbon
atoms attached to the two R'"’s, a 6-membered ring which
may have one or more hydrogen atoms on the ring-constitut-
ing carbon atoms replaced by one or more 7Z’s which may be
identical with or different from one another, if two or more
Z’s are present,
R? is a hydrogen atom, a halogen atom, C,-Cy alkyl, C5-Cg
cycloalkyl, D2, D7, benzyl, benzyl having a benzene ring
optionally substituted with e R*'’s, phenyl or phenyl option-
ally substituted with e R*'*s, when e is an integer of at least 2,
each R?! may be identical with or different from one another,
when there are two neighboring R*!’s, the two neighboring
R*’s may form —OCH,0—, —OCH,CH,0—,
—OCH—CH— or —CH—CHCH—CH—to form, together
with the carbon atoms attached to the two R>?!’s, a 5-mem-
bered or 6-membered ring which may have one or more
hydrogen atoms on the ring-constituting carbon atoms
replaced by one or more Z’s which may be identical with or
different from one another, if two or more Z’s are present,
R? is a hydrogen atom, C,-C, alkyl, C;-C, cycloalkyl, C,-C,,
alkoxy(C,-C,) alkyl, —C(O)R'?, —C(O)OR'?, —C(O)N
R?)R?, —Si(R*?)(R**)R>* or benzyl,
R®is D2, D7, D23, F1, F2, phenyl or phenyl optionally sub-
stituted with k R®"’s, and when k is an integer of at least 2,
each R®! may be identical with or different from one another,
when there are two neighboring R®'’s, the two neighboring
R®¥’s may form —OCH,0— —CH,CH,CH,— or
—CH—CHCH—CH— to form, together with the carbon
atoms attached to the two R®!’s, a 5-membered or 6-mem-
bered ring which may have one or more hydrogen atoms on
the ring-constituting carbon atoms replaced by one or more
Z’s which may be identical with or different from one
another, if two or more Z’s are present,
R”is C,-C; alkyl or phenyl,
R is a halogen atom, C,-C alkyl, phenoxy, phenyl or phenyl
which may be substituted with m R*®’s, and when m is an
integer of at least 2, each RS may be identical with or differ-
ent from one another, and when s1, s2 or s3 is an integer of at
least 2, each R* may be identical with or different from one
another,
each of R'? and R*? is independently a hydrogen atom, C,-C
alkyl or C;-C; cycloalkyl,
R'¢ is a halogen atom, C,-C, alkyl, C,-C, alkoxy, C,-Cg
haloalkyl or C,-C, haloalkoxy,
R!'7 is —C(O)OR*? or phenyl,
R** is a halogen atom, C,-C4 alkyl, C,-Cy alkoxy, C,-Cg
haloalkyl or C,-C, haloalkoxy, each of R*2, R** and R** is
independently C,-C, alkyl or C;-C, cycloalkyl, and
R®! is a halogen atom, C,-C, alkyl, C,-C, haloalkyl, C,-Cg
alkoxy, C,-C cycloalkoxy, C,-C, haloalkoxy, C,-C, halocy-
cloalkoxy, C,-C, alkoxy(C,-C,) alkoxy, C;-C, cycloalkyl,
C,-Cg halocycloalkyl, phenyl or phenoxy.
[5] The method of producing hematopoietic stem cells and/or
hematopoietic progenitor cells according to claim 4, wherein
R! is C,-C, alkyl, C,-C, alkyl substituted with R'7, C,-C;
haloalkyl, C;-C; cycloalkyl, phenyl or phenyl substituted
with a R'*’s, and when a is an integer of at least 2, each R'*
may be identical with or different from one another,
R? is a hydrogen atom, a halogen atom, C,-C, alkyl, D2,
benzyl, benzyl having a benzene ring optionally substituted
with e R*!’s, phenyl or phenyl optionally substituted with e
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R?"’s, when e is an integer of at least 2, each R*! may be
identical with or different from one another,

when there are two neighboring R*'’s, the two neighboring
R*’s may form —OCH,0—, —OCH,CH,0— or
—CH—CHCH—CH— to form, together with the carbon
atoms attached to the two R?'’s, a S-membered or 6-mem-
bered ring which may have one or more hydrogen atoms on
the ring-constituting carbon atoms replaced by one or more
Z’s which may be identical with or different from one
another, if two or more Z’s are present,

R? is a hydrogen atom,

R®is D2, F1, F2, phenyl or phenyl optionally substituted with
kR®"s, and when k is an integer of at least 2, each R®' may be
identical with or different from one another, when there are
two neighboring R®""s, the two neighboring R®!’s may form
—OCH,0—, —CH,CH,CH,— or —CH—CHCH—CH—
to form, together with the carbon atoms attached to the two
R®"’s, a 5-membered or 6-membered ring which may have
one or more hydrogen atoms on the ring-constituting carbon
atoms replaced by one or more Z’s which may be identical
with or different from one another, if two or more Z’s are
present,

R” is a halogen atom, C,-C, alkyl, phenoxy or phenyl, and
when s2 is an integer of at least 2, each R* may be identical
with or different from one another,

R!! is a halogen atom, C,-Cy alkyl, C,-C4 alkoxy, C,-Cg
haloalkyl, C,-C, haloalkoxy or nitro,

R'?is C,-C, alkyl,

R!'7 is —C(O)OR*? or phenyl,

R?! is a halogen atom, C,-C, alkyl, C,-C, alkoxy, C,-C,
alkoxy(C,-C,) alkoxy, C,-Cg haloalkyl, nitro, cyano or phe-
nyl, and

R®! is a halogen atom, C,-C, alkyl, C,-C, haloalkyl, C,-C
alkoxy, phenyl or phenoxy.

[6] The method of producing hematopoietic stem cells and/or
hematopoietic progenitor cells according to claim 1, wherein
R? is a hydrogen atom, a halogen atom, cyano, C,-C, alkyl,
C,-C,, alkyl substituted with R*?, C,-C,, cycloalkyl, C,-C
alkenyl, C,-C,, alkenyl substituted with a halogen atom,
C,-C,, alkynyl, C,-C,, alkynyl substituted with a halogen
atom, —C(O)R", —C(O)OR", —C(R"*)=NR",
—C(R'?)=NOR"?, D1 to D23, benzyl, benzyl having a ben-
zene ring optionally substituted with e R*!*s, phenyl or phe-
nyl optionally substituted with e R*'’s, when e is an integer of
atleast 2, each R*! may be identical with or different from one
another, when there are two neighboring R*!’s, the two neigh-
boring R*'’s may form —CH,CH,CH,—, —CH,CH,0—,

—CH,OCH,—, —OCH,0—, — CH,CH,S—,
—CH,SCH,—, —CH,CH,N(R*)—, —CH,N(R*)CH,—,
—CH,CH,CH,CH,—, — CH,CH,CH,O—,
—CH,CH,OCH,—, —CH,0CH,0—, —OCH,CH,0—,
—OCH,CH,S—, —CH,CH—CH—, —OCH—CH
—SCH—CH—, —N(®)CH=CH—, —OCH=N—,
—SCH=N—, —N®)CH=N—, —N(R)N—CH
— CH—CHCH—CH—, —OCH,CH—CH—,
— N—CHCH—CH—, — N—CHCH—N— or

—N—CHN—CH—to form, together with the carbon atoms
attached to the two R*!’s, a 5-membered or 6-membered ring
which may have one or more hydrogen atoms on the ring-
constituting carbon atoms replaced by one or more Z’s which
may be identical with or different from one another, if two or
more Z’s are present, and

X is a single bond.

[7] The method of producing hematopoietic stem cells and/or
hematopoietic progenitor cells according to claim 6, wherein
R'is C,-C, alkyl, C,-C,, alkyl substituted with R*?, C,-C
haloalkyl, C;-C4 cycloalkyl, —C(O)R'?, —C(O)OR'?,
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—C(ON(RP)R'?, —C(R™)=NOR", D1 to D12, D18,
D19, D21 to D23, phenyl or phenyl substituted with a R**’s,
when a is an integer of at least 2, each R*! may be identical
with or different from one another, and
when there are two neighboring R'*’s, the two neighboring
R'"s may form —OCH,0—, —OCH,CH,0—,
—OCH—CH—, —CH—CHCH—CH— or
—N—CHCH—CH— to form, together with the carbon
atoms attached to the two R'!’s, a 5-membered or 6-mem-
bered ring which may have one or more hydrogen atoms on
the ring-constituting carbon atoms replaced by one or more
Z’s which may be identical with or different from one
another, if two or more Z’s are present,
R?is C,-C4alkyl, C,-C cycloalkyl, D1, D2, D4 to D12, D18,
D19, D21 to D23, benzyl, benzyl having a benzene ring
optionally substituted with e R*"’s, phenyl or phenyl option-
ally substituted with e R*'”s, when e is an integer of at least 2,
each R?! may be identical with or different from one another,
and
when there are two neighboring R*!’s, the two neighboring
R*’s may form —OCH,0—, —OCH,CH,0—,
—OCH—CH— or —CH—CHCH—CH—to form, together
with the carbon atoms attached to the two R>?!’s, a 5-mem-
bered or 6-membered ring which may have one or more
hydrogen atoms on the ring-constituting carbon atoms
replaced by one or more Z’s which may be identical with or
different from one another, if two or more Z’s are present,
R? is a hydrogen atom, C,-C,, alkyl, C,-C, cycloalkyl, C,-C,
alkoxy(C,-C,) alkyl, —C(O)R'?, —C(O)OR'?, —C(O)N
(R'R?, —Si(R*)(R>**R>*, benzyl or benzyl having a ben-
zene ring which may be substituted with g R'*’s, and when g
is an integer of at least 2, each R'> may be identical with or
different from one another,
each of R* and R” is independently C,-C,, alkyl,
R®is D1, D2, D4, D5, D7 to D12, D19, D22, D23, E1 to E9,
F1, F2, C5-C,, cycloalkyl, phenyl or phenyl optionally sub-
stituted with k R®"’s, and when k is an integer of at least 2,
each R®! may be identical with or different from one another,
and
when there are two neighboring R*'s, the two neighboring
R**’s may form —OCH,0— —CH,CH,CH,—,
—OCH,CH,0—, —OCH—CH—, —CH—CHCH—CH—
or —N—CHCH—CH— to form, together with the carbon
atoms attached to the two R®'’s, a 5-membered or 6-mem-
bered ring which may have one or more hydrogen atoms on
the ring-constituting carbon atoms replaced by one or more
Z’s which may be identical with or different from one
another, if two or more Z’s are present,
R* is a hydrogen atom, C,-C; alkyl, C,-C, haloalkyl or phe-
nyl,
R”is C,-Cg alkyl, C;-C, cycloalkyl, phenyl or phenyl which
may be substituted with d R**’s, benzyl or benzyl having a
benzene ring which may be substituted with d R'*’s, and
when d is an integer of at least 2, each R'> may be identical
with or different from one another,
R? is ahalogen atom, C,-C, alkyl, phenoxy, phenyl or phenyl
which may be substituted with m R*®’s, and when m is an
integer of at least 2, each RS may be identical with or differ-
ent from one another, and when s1, s2 or s3 is an integer of at
least 2, each R* may be identical with or different from one
another,
R is a halogen atom, C,-C,, alkyl, C,-C,, alkoxy, C,-C,,
haloalkyl, C,-C,, haloalkoxy, C,-C, alkoxy(C,-Cy) alkyl,
C,-C, alkoxy(C,-C,) alkoxy, nitro or phenyl, each of R'* and
R'? is independently a hydrogen atom, C,-C alkyl, C5-Cg
cycloalkyl, C,-C, haloalkyl, C;-C, halocycloalkyl, D2, D4,
D5,D7,D21,D22, D23, benzyl, benzyl having a benzene ring
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which may optionally be substituted with b R'*’s, phenyl or
phenyl which may optionally be substituted with b R**’s, and
when b is an integer of at least 2, each R'* may be identical
with or different from one another, and when there are two
neighboring R'*’s, the two neighboring R'*’s may form
—OCH,0—, —OCH,CH,0—, —OCH—CH—,
—CH—CHCH—CH— or —N—CHCH—CH— to form,
together with the carbon atoms attached to the two R'*’s, a
S5-membered or 6-membered ring which may have one or
more hydrogen atoms on the ring-constituting carbon atoms
replaced by one or more Z’s which may be identical with or
different from one another, if two or more Z’s are present,
R'* is a halogen atom, nitro, cyano, C,-C4 alkyl, C,-Cg
haloalkyl, C,-C alkoxy, C,-C, haloalkoxy, phenoxy or phe-
nyl,

R'% is a halogen atom, C,-C, alkyl, C,-C, alkoxy or C,-Cg
haloalkyl,

R'% is a halogen atom, C,-C,, alkyl, C,-C,, alkoxy, C,-C,,
haloalkyl or C,-C, , haloalkoxy and when there are two neigh-
boring R'®’s, the two neighboring R'®s may form
—OCH,0— to form a 5-membered ring together with the
carbon atoms to the two R'%’s,

R?! is a halogen atom, C,-C,, alkyl, C;-C,, cycloalkyl,
C,-C,, alkoxy, C,-C, alkoxy(C,-Cs) alkoxy, C,-C,,
haloalkyl, C,-C,, haloalkoxy, nitro, cyano, phenoxy, phenyl
or phenyl which may be substituted with f R**’s, and when
is an integer of at least 2, each R**> may be identical with or
different from one other,

R?? is a halogen atom, C,-C, alkyl, C,-C,, alkoxy, C,-C,,
haloalkyl or C,-C, ; haloalkoxy and when there are two neigh-
boring R**’s, the two neighboring R*®’s may form
—OCH,0— to form, together with the carbon atoms
attached to the two R**’s, a 5-membered ring,

each of R**, R** and R**is independently C,-C alkyl, C5-Cg
cycloalkyl, benzyl, benzyl having a benzene ring which may
optionally be substituted with b R'*’s, phenyl or phenyl
which may optionally be substituted with b R'*’s, and when
b is an integer of at least 2, each R** may be identical with or
different from one another,

R®! is a halogen atom, C,-C, alkyl, C,-C, haloalkyl, C,-C
alkoxy, C;-C, cycloalkoxy, C,-C; haloalkoxy, C;-Cg halocy-
cloalkoxy, C,-C, alkoxy(C,-Cy) alkyl, C,-C, alkoxy(C,-Cy)
alkoxy, C;-C, cycloalkyl, C;-C, halocycloalkyl, phenyl, phe-
noxy, nitro or cyano, and

Z is a halogen atom or C,-C; alkyl.

[8] The method of producing hematopoietic stem cells and/or
hematopoietic progenitor cells according to claim 7, wherein
R! is C,-Cy alkyl, C,-Cy alkyl substituted with R*?, C,-Cg
haloalkyl, C,-C cycloalkyl, —C(O)OR'?, D2, D4, D5, D7,
D21, D23, phenyl or substituted with a R*!’s, when a is an
integer of at least 2, each R'* may be identical with or differ-
ent from one another, and

when there are two neighboring R''’s, the two neighboring
R'"’s may form —CH—CHCH—CH— to form, together
with the carbon atoms attached to the two R''’s, a 5-mem-
bered or 6-membered ring which may have one or more
hydrogen atoms on the ring-constituting carbon atoms
replaced by one or more Z’s which may be identical with or
different from one another, if two or more Z’s are present,
R?is C,-C, alkyl, C;-C, cycloalkyl, D2, D7, benzyl, benzyl
having a benzene ring optionally substituted with e R*!’s,
phenyl or phenyl optionally substituted with e R*'*s, when e
is an integer of at least 2, each R*' may be identical with or
different from one another,

when there are two neighboring R*'’s, the two neighboring
R?*’s may form —OCH,0—, —OCH,CH,0—,
—OCH—CH— or —CH—CHCH—CH—to form, together
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with the carbon atoms attached to the two R*'’s, a 5-mem-
bered or 6-membered ring which may have one or more
hydrogen atoms on the ring-constituting carbon atoms
replaced by one or more Z’s which may be identical with or
different from one another, if two or more Z’s are present,
R? is a hydrogen atom, C,-C,, alkyl, C,-C, cycloalkyl, C,-C,
alkoxy(C,-C,) alkyl, —C(O)R'?, —C(O)OR'?, —C(O)N
(R'*R!?, —Si(R**)(R**)R>** or benzyl,

R®is D2, D7, D23, F1, F2, phenyl or phenyl optionally sub-
stituted with k R®"’s, and when k is an integer of at least 2,
each R®! may be identical with or different from one another,
and

when there are two neighboring R®'’s, the two neighboring
R®¥’s may form —OCH,0— —CH,CH,CH,— or
—CH—CHCH—CH— to form, together with the carbon
atoms attached to the two R®!’s, a 5-membered or 6-mem-
bered ring which may have one or more hydrogen atoms on
the ring-constituting carbon atoms replaced by one or more
Z’s which may be identical with or different from one
another, if two or more Z’s are present,

R”is C,-C; alkyl or phenyl,

R is a halogen atom, C,-C alkyl, phenoxy, phenyl or phenyl
which may be substituted with m R*®’s, and when m is an
integer of at least 2, each RS may be identical with or differ-
ent from one another, and when s2 or s3 is an integer of at least
2,each R may be identical with or different from one another,
each of R'? and R'? is independently a hydrogen atom, C,-Cg
alkyl or C,-C cycloalkyl, R*¢ is a halogen atom, C,-C alkyl,
C,-C, alkoxy, C,-C, haloalkyl or C,-C haloalkoxy, R'7 is
—C(O)OR"? or phenyl,

R?? is a halogen atom, C,-C, alkyl, C,-C, alkoxy, C,-Cq
haloalkyl or C,-C, haloalkoxy, each of R*2, R** and R** is
independently C,-C, alkyl or C;-C, cycloalkyl, and

R®! is a halogen atom, C,-C, alkyl, C,-C, haloalkyl, C,-Cg
alkoxy, C,-C cycloalkoxy, C,-C, haloalkoxy, C,-C, halocy-
cloalkoxy, C,-C, alkoxy(C,-C,) alkoxy, C;-C, cycloalkyl,
C;-Cg halocycloalkyl or phenoxy.

[9] The method of producing hematopoietic stem cells and/or
hematopoietic progenitor cells according to claim 8, wherein
R! is C,-C, alkyl, C,-C, alkyl substituted with R'7, C,-C;
haloalkyl, C;-C; cycloalkyl, phenyl or phenyl substituted
with a R*"’s, when a is an integer of at least 2, each R** may
be identical with or different from one another,

R?is C,-C, alkyl, D2, benzyl, benzyl having a benzene ring
optionally substituted with e R*"’s, phenyl or phenyl option-
ally substituted with e R*'”s, when e is an integer of at least 2,
each R*' may be identical with or different from one another,
when there are two neighboring R*!’s, the two neighboring
R*’s may form —OCH,0—, —OCH,CH,0— or
—CH—CHCH—CH— to form, together with the carbon
atoms attached to the two R?!’s, a 5-membered or 6-mem-
bered ring which may have one or more hydrogen atoms on
the ring-constituting carbon atoms replaced by one or more
Z’s which may be identical with or different from one
another, if two or more Z’s are present,

R? is a hydrogen atom,

R®is D2, F1, F2, phenyl or phenyl optionally substituted with
kR®"’s, and when k is an integer of at least 2, each R® may be
identical with or different from one another, and when there
are two neighboring R®!’s, the two neighboring R®*"’s may
form —OCH,0—, —CH,CH,CH,— or
—CH—CHCH—CH— to form, together with the carbon
atoms attached to the two R®!’s, a 5-membered or 6-mem-
bered ring which may have one or more hydrogen atoms on
the ring-constituting carbon atoms replaced by one or more
Z’s which may be identical with or different from one
another, if two or more Z’s are present,
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R” is a halogen atom, C, -C; alkyl, phenoxy or phenyl, and
when s2 is an integer of at least 2, each R” may be identical
with or different from one another,
R is a halogen atom, C,-C4 alkyl, C,-C, alkoxy, C,-Cq
haloalkyl, C,-C, haloalkoxy or nitro,
R'?is C,-C, alkyl,
R!'7 is —C(O)OR*? or phenyl,
R?! is a halogen atom, C,-C, alkyl, C,-C, alkoxy, C,-C,
alkoxy(C,-C,) alkoxy, C,-Cg haloalkyl, nitro, cyano or phe-
nyl, and
R®! is a halogen atom, C,-C, alkyl, C,-C, haloalkyl, C,-C
alkoxy or phenoxy.
[10] The method of producing hematopoietic stem cells and/
or hematopoietic progenitor cells according to any one of the
above [1] to [9], wherein the hematopoietic stem cells and/or
hematopoietic progenitor cells to be expanded ex vivo are
CD34* cells.
[11] The method of producing hematopoietic stem cells and/
or hematopoietic progenitor cells according to any one of the
above [1] to [9], wherein the hematopoietic stem cells and/or
hematopoietic progenitor cells to be expanded ex vivo are
CD34*CD38" cells.
[12] The method of producing hematopoietic stem cells and/
or hematopoietic progenitor cells according to any one of the
above [1] to [9], wherein the cells to be expanded are HPP-
CFU colony forming cells.
[13] The method of producing hematopoietic stem cells and/
or hematopoietic progenitor cells according to any one of the
above [1] to [9] wherein the cells to be expanded are SCID-
repopulating cells (SRC).
[14] The method of producing hematopoietic stem cells and/
or hematopoietic progenitor cells according to any one of the
above [1] to [13], which uses a culture medium containing at
least one blood cell stimulating factor.
[15] The method of producing hematopoietic stem cells and/
or hematopoietic progenitor cells according to the above [14],
wherein the blood cell stimulating factor is at least one spe-
cies selected from the group consisting of stem cell factor
(SCF), interleukin 3 (IL-3), interleukin 6 (IL-6), interleukin
11 (IL-11), fik2/fit3 ligand (FL), granulocyte colony stimu-
lating factor (G-CSF), granulocyte-macrophage colony
stimulating factor (GM-CSF), thrombopoietin (TPO) and
erythropoietin (EPO).
[16] The method of producing hematopoietic stem cells and/
or hematopoietic progenitor cells according to the above [15],
wherein the blood cell stimulating factor is at least one spe-
cies selected from the group consisting of stem cell factor
(SCF), thrombopoietin (TPO) and flk2/fit3 ligand (FL).
[17] The method of producing hematopoietic stem cells and/
or hematopoietic progenitor cells according to any one of the
above [1] to [16], wherein the hematopoietic stem cells are
obtained from the bone marrow, the liver, the spleen, periph-
eral blood or cord blood.
[18] The method of producing hematopoietic stem cells and/
or hematopoietic progenitor cells according to the above [17],
wherein the hematopoietic stem cells are obtained from cord
blood.
[19] The method of producing hematopoietic stem cells and/
or hematopoietic progenitor cells according to the above [18],
which comprises culturing hematopoietic stem cells and/or
hematopoietic progenitor cells in the presence of at least one
species selected from the group consisting of stem cell factor
(SCF), thrombopoietin (TPO) and flk2/fit3 ligand (FL).
[20] Hematopoietic stem cells and/or hematopoietic progeni-
tor cells obtained by the method as defined in any one of the
above [1] to [19].
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[21] A cell therapy material to be transplanted into a human
for treatment of a disease, which comprises hematopoietic
stem cells and/or hematopoietic progenitor cells produced by
the method as defined in any one of the above [1] to [19].
[22] A reagent kit for expanding hematopoietic stem cells
and/or hematopoietic progenitor cells, which comprises a
compound represented by the following formula (I), a tau-
tomer or pharmaceutically acceptable salt of the compound or
a solvate thereof as an active ingredient.

[23] A method of producing transformed hematopoietic stem
cells, which comprises transferring a gene into hematopoietic
stem cells and/or hematopoietic progenitor cells while cul-
turing the hematopoietic stem cells and/or hematopoietic pro-
genitor cells ex vivo in the presence of a compound repre-
sented by the following formula (I), a tautomer or
pharmaceutically acceptable salt of the compound or a sol-
vate thereof, or expanding hematopoietic stem cells carrying
a gene transferred into them by culturing the hematopoietic
stem cells ex vivo in the presence of a compound represented
by the formula (1), a tautomer or pharmaceutically acceptable
salt of the compound or a solvate thereof.

[24] The method of producing transformed hematopoietic
stem cells according to the above [23], which uses a culture
medium containing at least one blood cell stimulating factor.
[25] The method of producing transformed hematopoietic
stem cells according to the above [24], wherein the blood cell
stimulating factor is at least one species selected from the
group consisting of stem cell factor (SCF), interleukin 3 (IL-
3), interleukin 6 (IL-6), interleukin 11 (IL-11), flk2/f1t3 ligand
(FL), granulocyte colony stimulating factor (G-CSF), granu-
locyte-macrophage colony stimulating factor (GM-CSF),
thrombopoietin (TPO) and erythropoietin (EPO).

[26] The method of producing transformed hematopoietic
stem cells according to any one of the above [23] to [25],
wherein the hematopoietic stem cells and/or hematopoietic
progenitor cells are obtained from the bone marrow, the liver,
the spleen, peripheral blood or cord blood.

[27] Transformed hematopoietic stem cells obtained by the
method as defined in any one of the above [23] to [26].

[28] A cell therapy material to be transplanted into a human
for treatment of a disease, which comprises transformed
hematopoietic stem cells produced by the method as defined
in any one of the above [23] to [26].

[29] The cell therapy material according to the above [21] or
[28], wherein the disease to be treated is leukemia, aplastic
anemia, granulocytopenia, lymphopenia, thrombocytopenia,
myelodysplastic syndrome, malignant lymphoma, myelopro-
liferative disease, a genetic blood disease, a solid tumor, an
autoimmune disease, immunodeficiency, diabetes mellitus,
nerve injury, muscle injury, cerebral infarction, myocardial
infarction or obstructive arteriosclerosis.

Advantageous Effect(s) of Invention

According to the present invention, it is possible to expand
hematopoietic stem cells and/or hematopoietic progenitor
cells by culturing hematopoietic stem cells ex vivo by using
pyrazole compounds represented by the above-mentioned
chemical formula (hereinafter referred to also as specific
compounds). Hematopoietic stem cells and/or hematopoietic
progenitor cells produced by using the specific compounds
can be used as a cell transplant for treatment of diseases. The
specific compounds of the present invention also make it
possible to provide a cell transplant (graft) soon as required
even from a transplant source which can be obtained in a
limited amount, by expanding hematopoietic stem cells and/
or hematopoietic progenitor cells easily. Because the specific
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compounds of the present invention have an eftect of expand-
ing hematopoietic stem cells and/or hematopoietic progenitor
cells, they are useful as pharmaceutical agents for use in vivo
and can be used as preventing, therapeutic or alleviating agent
for diseases against which in vivo expansion of hematopoietic
stem cells and/or hematopoietic progenitor cells is effective.

The specific compounds of the present invention are low-
molecular-weight compounds which can be produced by
ordinary processes for organic synthesis. Therefore, they can
be easily produced under conditions under which cells of
microorganisms and the like are inviable and can be obtained
nearly free of impurities by stricter purification. Therefore,
the method using the specific compounds makes it possible to
prevent contamination with an unknown pathogen or a bio-
material from an animal other than human, as compared with
conventional methods using a protein such as cytokines and
growth factors obtained by gene recombination technology.
Namely, hematopoietic stem cells produced by the method of
the present invention can avoid infection, contamination with
foreign genes or immune response to foreign proteins. While
being proteins, cytokines and growth factors can be stored or
used within very narrow optimal ranges in terms of pH, heat
and ion strength, the specific compounds can be used and
stored under relatively broad ranges of conditions. In addi-
tion, because the specific compounds can be produced inex-
pensively and continuously unlike proteins, it is possible to
eventually reduce treatment cost.

DESCRIPTION OF DRAWING(S)

FIG. 1 A graph showing that CD34™ cells were expanded
more remarkably in a culture of CD34* cells in the presence
of a specific compound than in the absence of the specific
compound. The ordinate of the graph is the number of CD34*
cells cultured in the presence of the specific compound rela-
tive to that in the absence of the compound.

FIG. 2 A graph showing that CD34*CD38~ cells were
expanded more remarkably in a culture of CD34™ cells in the
presence of a specific compound than in the absence of the
specific compound. The ordinate of the graph is the number of
CD34*CD38" cells cultured in the presence of the specific
compound relative to that in the absence of the compound.

FIG. 3 A graph showing that CD34*CD38" cells were
expanded more remarkably in a culture of CD34™ cells in the
presence of a specific compound than in the absence of the
specific compound. The ordinate of the graph is the number of
CD34*CD38" cells cultured in the presence of the specific
compound relative to that in the absence of the compound.

FIG. 4 A graph showing that CD34*CD38" cells were
expanded more remarkably ina culture of CD34*CD38" cells
in the presence of a specific compound than in the absence of
the specific compound. The ordinate of the graph is the num-
ber of CD34"CD38" cells cultured in the presence of the
specific compound relative to that in the absence of the com-
pound.

FIG. 5 A graph showing that SRC were expanded more
remarkably from CD34* cells cultured in the presence of a
specific compound than from CD34" cells cultured in the
absence of the compound, when assayed after transplantation
of the cultured CD34" cells into immunodeficient mice. The
ordinate of the graph is the engrafted proportion of human
CD45* cells in the mice transplanted with the CD34" cells
cultured in the presence of the specific compound based on
the proportion of human CD45™ cells in the mice transplanted
with those in the absence of the compound.
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DESCRIPTION OF EMBODIMENT(S)

Now, the present invention will be described in further
detail.

The terms used herein are defined as follows.

Hematopoietic stem cells are defined as cells having both
pluripotency which allows them to differentiate into blood
cells of all lineages and the ability to regenerate themselves
while maintaining the pluripotency.

Multipotent hematopoietic progenitor cells are cells which
can differentiate into a plurality of blood cell lineages, though
not into all blood cell lineages.

Unipotent hematopoietic progenitor cells are cells which
can differentiate into only one blood cell lineage.

Hematopoietic progenitor cells are a group of cells which
covers both multipotent and unipotent hematopoietic pro-
genitor cells. For example, the hematopoietic progenitor cells
in the present invention may be granulocyte-macrophage
colony forming cells (CFU-GM), eosinophil colony forming
cells (EO-CFC), erythroid burst forming cells (BFU-E) as
erythroid progenitor cells, megakaryocyte colony forming
cells (CFU-MEG) or myeloid stem cells (mixed colony form-
ing cells, CFU-GEMM). Among them, cells forming multi-
potent colonies with diameters of at least 1 mm are called
HPP-CFU colony forming cells and are defined as the least
differentiated hematopoietic progenitor cells, along with
mixed colony forming cells (CFU-GEMM) (McNiece, [. K.,
etal. 1989. Detection of a human CFC with a high prolifera-
tive potential. Blood. 74: 609-612.).

CD34* means expressing CD (cluster of differentiation) 34
antigen on the cell surface. This antigen is a marker for
hematopoietic stem cells and/or hematopoietic progenitor
cells and disappears as the cell differentiates. Populations of
CD34™ cells are enriched with hematopoietic stem cells and/
or hematopoietic progenitor cells. In the present invention,
CD34™ cells mean a cell population containing CD34* cells
unless otherwise noted. The same applies to the after-men-
tioned CD34*CD38" cells.

CD38™ means not expressing CD38 antigen on the cell
surface. The expression of this antigen increases as blood
cells differentiate.

CD34*CD38" cells mean cells expressing CD34 antigen
but not expressing CD38 antigen. CD34"CD38" cells are
characterized as a group of cells containing more hematopoi-
etic stem cells than CD34" cells.

It has become possible to experimentally test for the pres-
ence of human hematopoietic stem cells which have bone
marrow repopulating ability by using NOD/SCID mice
obtained by crossing diabetic mice and immunodeficient
mice. The cells detected by this assay are called SCID-re-
populating cells (SRC) and considered the closest to human
hematopoietic stem cells.

In the present invention, differentiation of hematopoietic
stem cells and/or hematopoietic progenitor cells covers con-
version of hematopoietic stem cells to hematopoietic pro-
genitor cells, conversion of multipotent hematopoietic pro-
genitor cells to unipotent hematopoietic progenitor cells and
conversion of hematopoietic progenitor cells to cells having
specific functions, i.e., mature blood cells such as erythro-
cytes, leukocytes and megakaryocytes.

In the present invention, expansion of hematopoietic stem
cells means that the number of hematopoietic stem cells after
culturing is greater than that before culturing. Expansion of
hematopoietic progenitor cells means that the number of
hematopoietic stem progenitor cells after culturing is greater
than that before culturing (which may be 0). Not only the
number of hematopoietic stem cells but also the number of
hematopoietic progenitor cells in a hematopoietic stem cell
culture can be greater after culturing than before culturing as
a result of differentiation of some hematopoietic cells into
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hematopoietic progenitor cells, even with no eventual
increase in the number of hematopoietic stem cells in some
cases.

In the present invention, the hematopoietic stem cells
before culturing may be a cell population containing cells
other than hematopoietic stem cells (such as hematopoietic
progenitor cells) like the above-mentioned CD34* cells.

In the present invention, the cell population after culturing
may be a cell population containing only hematopoietic stem
cells resulting from self-renewal of hematopoietic stem cells
in the culture, a cell population containing of hematopoietic
progenitor cells differentiated from hematopoietic stem cells
or a cell population containing both hematopoietic stem cells
and hematopoietic progenitor cells. Usually, cultured cells
are a population containing both hematopoietic stem cells and
hematopoietic progenitor cells resulting from self-renewal
and differentiation of hematopoietic stem cells. When the
main purpose is expansion of hematopoietic stem cells, the
number of hematopoietic progenitor cells may be greater or
smaller after culturing than before culturing.

Inthe present invention, hematopoietic stem cell expansion
activity means the ability to proliferate hematopoietic stem
cells having the above-mentioned functions and increase the
number of hematopoietic stem cells having the same func-
tions. In the present invention, hematopoietic stem cell dif-
ferentiating activity means the ability to induce differentia-
tion of hematopoietic stem cells and convert them into
hematopoietic progenitor cells having the above-mentioned
functions and further into mature blood cells (such as eryth-
rocytes, leukocytes and megakaryocytes).

The specific compounds used in the present invention act
on hematopoietic stem cells and/or hematopoietic progenitor
cells and shows such an activity that they help hematopoietic
stem cells and/or hematopoietic progenitor cells proliferate
and survive when they are cultured ex vivo. The compounds
are capable of proliferating hematopoietic stem cells and/or
hematopoietic progenitor cells with minimal differentiation.
In some cases of treatment by transplantation of hematopoi-
etic stem cells such as peripheral stem cells and cord blood
stem cells, hematopoietic stem cells and/or hematopoietic
progenitor cells as the transplant cannot be obtained in suffi-
cient numbers to carry out the transplantation or cannot be
transplanted with a high success rate. By using the com-
pounds, it is possible to expand collected hematopoietic stem
cells ex vivo and obtain hematopoietic stem cells and/or
hematopoietic progenitor cells in the amount required to
carry out the transplantation even in such cases. Specifically,
it is possible to expand hematopoietic stem cells and/or
hematopoietic progenitor cells with minimal differentiation
by culturing them in a medium containing the compounds and
use them for transplantation. It is also possible to expand
hematopoietic stem cells and/or hematopoietic progenitor
cells more efficiently by further adding various cytokines or
growth factors, by coculturing them with stromal cells, or by
further adding other low-molecular-weight compounds
which act on hematopoietic stem cells and/or hematopoietic
progenitor cells.

In the method of the present invention, the collected cells to
be cultured for transplantation may be a cell population con-
taining other cells than hematopoietic stem cells such as
hematopoietic progenitor cells or may be an isolated popula-
tion substantially containing hematopoietic stem cells only,
such as CD34% cells, CD34*CD38~ cells, CD90* cells,
CD133" cells and the like. The cells may contain either or
both of hematopoietic stem cells and hematopoietic progeni-
tor cells and further contain other mature blood cells.
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The source of the hematopoietic stem cells and/or hemato-
poietic progenitor cells in the method of the present invention
may be any tissue as long as it contains hematopoietic stem
cells, and it may preferably be human bone marrow, periph-
eral blood, peripheral blood containing hematopoietic stem
cells mobilized by a cytokine or the like, spleen, liver or cord
blood.

The hematopoietic stem cells can be cultured in a culture
vessel generally used for animal cell culture such as a Petri
dish, a flask, a plastic bag, a Teflon (registered trademark)
bag, optionally after preliminary coating with an extracellular
matrix or a cell adhesion molecule. The materials for such a
coating may be collagens I to XIX, fibronectin, vitronectin,
laminins 1 to 12, nitrogen, tenascin, thrombospondin, von
Willebrand factor, osteoponin, fibrinogen, various types of
elastin, various types of proteoglycan, various types of cad-
herin, desmocolin, desmoglein, various types of integrin,
E-selectin, P-selectin, [-selectin, immunoglobulin superfam-
ily, Matrigel, poly-D-lysine, poly-L-lysine, chitin, chitosan,
Sepharose, alginic acid gel, hydrogel or a fragment thereof.
Such a coating material may be a recombinant material hav-
ing an artificially modified amino acid sequence. The hemato-
poietic stem cells and/or hematopoietic progenitor cells may
be cultured by using a bioreactor which can mechanically
control the medium composition, pH and the like and obtain
high density culture (Schwartz R M, Proc. Natl. Acad. Sci.
U.S.A., 88:6760, 1991; Koller M R, Bone Marrow Trans-
plant, 21:653, 1998; Koller, M R, Blood, 82: 378, 1993;
Astori G, Bone Marrow Transplant, 35: 1101, 2005).

The nutrient medium to be used for culturing hematopoi-
etic stem cells by using the compounds of the present inven-
tion may be a natural medium, a semi-synthetic medium or a
synthetic medium in terms of composition, and may be a solid
medium, a semisolid medium or a liquid medium in terms of
shape, and any nutrient medium used for animal cell culture,
especially for hematopoietic stem cell and/or hematopoietic
progenitor cell culture, may be used. As such a nutrient
medium, Dulbecco’s Modified Eagles’s Medium (DMEM),
Ham’s Nutrient Mixture F12, McCoy’s SA medium, Eagles’s
Minimum Essential Medium (EMEM), acMEM medium (al-
pha Modified Eagles’s Minimum Essential Medium),
RPMI1640 medium, Iscove’s Modified Dulbecco’s Medium
(IMDM), StemPro34 (Invitrogen), X-VIVO 10 (Cambrex),
X-VIVO 15 (Cambrex), HPGM (Cambrex), StemSpan
H3000 (Stemcell Technologies), StemSpan SFEM (Stemcell
Technologies), Stemline II (Sigma-Aldrich) or QBSF-60
(Quality Biological) may be mentioned.

Such a medium may contain sodium, potassium, calcium,
magnesium, phosphorus, chlorine, amino acids, vitamins,
cytokines, hormones, antibiotics, serum, fatty acids, saccha-
rides or the like. In the culture, other chemical components or
biological components may be incorporated singly or in com-
bination, as the case requires. Such components to be added in
the medium may be fetal calf serum, human serum, horse
serum, insulin, transfferin, lactoferrin, cholesterol, ethanola-
mine, sodium selenite, monothioglycerol, 2-mercaptoetha-
nol, bovine serum albumin, sodium pyruvate, polyethylene
glycol, various vitamins, various amino acids, agar, agarose,
collagen, methylcellulose, various cytokines, various growth
factors or the like. The cytokines to be added to the medium
may be interleukin-1 (IL-1), interleukin-2 (IL-2), interleu-
kin-3 (IL-3), interleukin-4 (IL-4), interleukin-5 (IL-5), inter-
leukin-6 (IL-6), interleukin-7 (IL-7), interleukin-8 (IL-8),
interleukin-9 (IL-9), interleukin-10 (IL-10), interleukin-11
(IL-11), interleukin-12 (IL.-12), interleukin-13 (IL-13), inter-
leukin-14 (IL-14), interleukin-15 (IL-15), interleukin-18 (IL.-
18), interleukin-21 (IL-21), interferon-a (IFN-av), interferon-
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13 (IFN-P), interferon-y (IFN-y), granulocyte colony
stimulating factor (G-CSF), monocyte colony stimulating
factor (M-CSF), granulocyte-macrophage colony stimulating
factor (GM-CSF), stem cell factor (SCF), flk2/fit3 ligand
(FL), leukemia inhibitory factor (LIF), oncostatin M (OM),
erythropoietin (EPO) and thrombopoietin (TPO), but are not
limited to those mentioned above.

The growth factors to be added to the medium may be
transforming growth factor-f (TGF-f), macrophage inflam-
matory protein-laa (MIP-1a), epidermal growth factor
(EGF), fibroblast growth factor (FGF), nerve growth factor
(NGF), hepatocyte growth factor (HGF), protease nexin I,
protease nexin II, platelet-derived growth factor (PDGF),
cholinergic differentiation factor (CDF), chemokines, Notch
ligand (such as Delta 1), Wnt protein, angiopoietin-like pro-
tein 2, 3, 5 or 7 (Angpt 2, 3, 5 or 7), insulin-like growth factor
(IGF), insulin-like growth factor binding protein (IGFBP)
and Pleiotrophin, but are not limited to those mentioned
above.

Besides, recombinant cytokines or growth factors having
an artificially modified amino acid sequence such as IL.-6/
soluble IL-6 receptor complex, and Hyper IL-6 (IL-6/soluble
IL-6 receptor fusion protein) may also be added.

Among the above-mentioned cytokines and growth fac-
tors, preferred are stem cell factor (SCF), interleukin-3 (IL-
3), interleukin-6 (IL-6), interleukin-11 (IL-11), flk2/fit3
ligand (FL), granulocyte colony stimulating factor (G-CSF),
granulocyte-macrophage colony stimulating factor (GM-
CSF), thrombopoietin (TPO), erythropoietin (EPO), Notch
ligand (Delta 1), Pleiotrophin and the like, and more preferred
are stem cell factor (SCF), flk2/f1t3 ligand (FL), thrombopoi-
etin (TPO) and the like. Cytokines and growth factors are
usually added to culture at a concentration of 0.1 ng/mL to
1000 ng/mL, preferably from 1 ng/ml to 100 ng/mL.

In addition, at least one chemical substance known to be
effective for expansion of hematopoietic stem cells and/or
hematopoietic progenitor cells may be added to the medium
singly or in combination. Examples of such substances
include copper chelators represented by tetracthylenepen-
tamine, histone deacetylase inhibitors represented by tricho-
statin A, DNA methylase inhibitors represented by 5-aza-2'-
deoxycytidine, retinoic acid receptor ligands represented by
all-trans retinoic acid, aldehyde dehydrogenase inhibitors
represented by dimethylaminobenzaldehyde, glycogen syn-
thase kinase-3 inhibitors represented by 6-bromoindirubin-
3'-oxime (6BIO), arylhydrocarbon receptor antagonists rep-
resented by 1-methyl-N-[2-methyl-4-[2-(2-methylphenyl)
diazenyl]|phenyl-1H-pyrazole-5-carboxamide (CH223191)
and prostaglandin E2, but they are not limited to those men-
tioned above.

The chemical components and biological components
mentioned above may be used not only by adding them to the
medium but also by immobilizing them onto the surface of the
substrate or support used for the culture, specifically speak-
ing, by dissolving a component to be used in an appropriate
solvent, coating the substrate or support with the resulting
solution and then washing away an excess of the component.
Such a component to be used may be added to the substrate or
support preliminarily coated with a substance which binds to
the component.

When a specific compound of the present invention is
added to such a medium as mentioned above, it is first dis-
solved in an appropriate solvent and added to the medium so
that the concentration of the compound will be from 100 nM
to 10 mM, preferably from 300 nM to 300 uM, more prefer-
ably from 1 pM to 100 puM, particularly preferably from 3 uM
to 30 uM. Examples of the appropriate solvent include dim-

10

15

20

25

30

35

40

45

50

55

60

65

28

ethyl sulfoxide (DMSO) and various alcohols, but it is not
restricted thereto. The specific compounds may be immobi-
lized on the surface of the substrate or support used for the
culture. The specific compounds may be provided or stored in
a certain form, for example, in a solid form as a tablet, a pill,
a capsule or a granule, in a liquid form as a solution or
suspension in an appropriate solvent or solubilizer, or in the
form bound to the substrate or support. When they are formu-
lated into such a form, additives such as a preservative like
p-hydroxybenzoates, an excipient like lactose, glucose,
sucrose and mannitol; a lubricant like magnesium stearate
and talc; a binder like polyvinyl alcohol, hydroxypropylcel-
Iulose and gelatin, a surfactant like fatty acid esters, a plasti-
cizer like glycerin may be added. The additives are not
restricted to those mentioned above and a person skilled in the
art can use any additives of choice.

The hematopoietic stem cells are cultured usually at a
temperature of from 25 to 39° C., preferably from 33 to 39°
C., inthe atmosphere having a CO, concentration of from 4 to
10vol %, preferably from 4 to 6 vol %, usually for a period of
from 3 to 35 days, preferably from 5 to 21 days, more pref-
erably from 7 to 14 days.

When the hematopoietic stem cells are cocultured with
stromal cells by the method of the present invention, collected
bone marrow cells may be grown directly in culture. Alterna-
tively, it is possible to separate collected bone marrow into
stromal cells, hematopoietic stem cells, hematopoietic pro-
genitor cells and other cells, and coculture the hematopoietic
stem cells with stromal cells from an individual other than the
bone marrow donor. It is also possible to first grow stromal
cells only and add and grow hematopoietic stem cells in
coculture. When these cells are cocultured, it is possible to
use such media and culture conditions as mentioned above.

Hematopoietic stem cells and/or hematopoietic progenitor
cells expanded by the method of the present invention can be
used as a cell transplant. Because hematopoietic stem cells
can differentiate into blood cells of all lineages, they may be
transplanted after differentiated into a certain type of blood
cells ex vivo. Hematopoietic stem cells and/or hematopoietic
progenitor cells expanded by the method of the present inven-
tion may be transplanted as they are, or after enrichment using
a cell surface antigen as an index, for example, by a magnetic
bead method or by a cell sorting method. Such a cell surface
antigen molecule may be CD2, CD3, CD4, CDS8, CDI13,
CD14, CD15, CD16, CD19, CD24, CD33, CD34, CD38,
CD41,CD45,CD56,CD66, CD90, CD133 or glycophorin A,
but is not restricted thereto. The expanded hematopoietic
stem cells and/or hematopoietic progenitor cells may be
transplanted to its donor or another individual.

Namely, hematopoietic stem cells and/or hematopoietic
progenitor cells expanded by the method of the present inven-
tion can be used as a graft for hematopoietic stem cell therapy
as a substitute for conventional bone marrow or cord blood
transplantation. The transplantation of hematopoietic stem
cells and hematopoietic progenitor cells expanded by the
method of the present invention is carried out in the same
manner as conventional bone marrow or cord blood trans-
plantation, except for the cells to be used. Hematopoietic stem
cells and/or hematopoietic progenitor cells expanded by the
method of the present invention can also be used as a graft to
promote regeneration of nerves and muscles damaged by a
traumatic injury or a vascular disorder. The graft may be a
composition containing a buffer solution, an antibiotic, a
pharmaceutical in addition to hematopoietic stem cells and/or
hematopoietic progenitor cells expanded by the method of the
present invention.
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The hematopoietic stem cell and/or hematopoietic pro-
genitor cell transplant obtained by expansion by the method
of the present invention is useful for treatment of not only
various types of leukemia but also various diseases. For
example, in a case of treatment of a solid cancer patient by
chemotherapy or radiotherapy which may cause myelosup-
pression as a side effect, the patient can recover from hemato-
poietic damage quickly if the hematopoietic stem cells and/or
hematopoietic progenitor cells collected from the bone mar-
row or peripheral blood of the patient preliminarily to the
treatment are expanded ex vivo and returned to the patient
after the treatment. Thus, a more intense chemotherapy
becomes available with an improved therapeutic effect. It is
also possibleto alleviate a deficiency ina certain type of blood
cells in a patient by differentiating hematopoietic stem cells
and/or hematopoietic progenitor cells obtained by the method
of the present invention into such a type of blood cells and
returning them into the patient. A transplant obtained by the
method of the present invention is effective against diseases
accompanying decrease in hematopoietic cells and/or
hematopoietic insufficiency, diseases accompanying increase
in hematopoietic cells, diseases accompanying hematopoi-
etic dysfunction, decrease in immunocytes, increase in
immunocytes, diseases accompanying autoimmunity,
immune dysfunction, diseases accompanying nerve damage,
diseases accompanying muscle damage and ischemic dis-
eases.

As specific examples, chronic granulomatosis, severe
combined immunodeficiency syndrome, adenosine deami-
nase (ADA) deficiency, agammaglobulinemia, Wiskott-Ald-
rich syndrome, Chediak-Higashi syndrome, immunodefi-
ciency syndrome such as acquired immunodeficiency
syndrome (AIDS), C3 deficiency, congenital anemia such as
thalassemia, hemolytic anemia due to enzyme deficiency and
sicklemia, lysosomal storage disease such as Gaucher’s dis-
ease and mucopolysaccharidosis, adrenoleukodystrophy,
various kinds of cancers and tumors, especially blood cancers
such as acute or chronic leukemia, Fanconi syndrome, aplas-
tic anemia, gramulocytopenia, lymphopenia, thrombocy-
topenia, idiopathic thrombocytopenic purpura, thrombotic
thrombocytopenic purpura, Kasabach-Merritt syndrome,
malignant lymphoma, Hodgkin’s disease, chronic hepatopa-
thy, renal failure, massive blood transfusion of bank blood or
during operation, hepatitis B, hepatitis C, severe infections,
systemic lupus erythematodes, articular rheumatism, xero-
dermosteosis, systemic sclerosis, polymyositis, dermato-
myositis, mixed connective tissue disease, polyarteritis
nodosa, Hashimoto’s disease, Basedow’s disease, myasthe-
nia gravis, insulin dependent diabetes mellitus, autoimmune
hemolytic anemia, snake bite, hemolytic uremic syndrome,
hypersplenism, bleeding, Bernard-Soulier syndrome, Glan-
zmann’s thrombasthenia, uremia, myelodysplastic syn-
drome, polycythemia rubra vera, erythremia, essential throm-
bocythemia, myeloproliferative disease, traumatic spinal
cord injury, nerve injury, neurotmesis, skeletal muscle injury,
scarring, diabetes mellitus, cerebral infarction, myocardial
infarction, obstructive arteriosclerosis and the like may be
mentioned.

Hematopoietic stem cells expanded according to the
present invention can be used for gene therapy. Gene therapy
using hematopoietic stem cells has been difficult because the
transfer of a target gene into hematopoietic stem cells at the
stationary phase is inefficient, and hematopoietic stem cells
differentiate in culture during a gene transfer procedure.
However, use of the low-molecular-weight compounds of the
present invention in culture makes it possible to expand
hematopoietic stem cells while suppressing differentiation of
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hematopoietic stem cells and improve the gene transfer effi-
ciency considerably. In the gene therapy, a therapeutic gene is
transfected into hematopoietic stem cells using the low-mo-
lecular-weight compounds of the present invention, and the
resulting transfected cells (i.e., transformed hematopoietic
stem cells) are transplanted into patients. The therapeutic
gene to be transfected is appropriately selected among genes
for hormones, cytokines, receptors, enzymes, polypeptides
and the like according to the disease (Advance in Pharmacol-
ogy 40, Academic Press, 1997). Specific examples of the gene
include genes for insulin, amylase, proteases, lipases, trypsi-
nogen, chymotrypsinogen, carboxypeptidases, ribonu-
cleases, deoxyribonucleases, phospholipase A2, esterases,
al-antitrypsin, blood coagulation factors (VII, VIIL, IX and
the like), protein C, protein S, antithrombin, UDP glucuronyl
transferase, ornithine transcarbanoylase, hemoglobin,
NADPH oxidase, glucocerebrosidase, c-galactosidase,
a-glucosidase, a-iduronidase, chytochrome P450 enzymes,
adenosine deaminase, Bruton kinase, complements C1 to C4,
JAK3, common cytokine receptor y chain, Ataxia Telang-
iectasia Mutated (ATM), Cystic Fibrosis (CF), myocilin, thy-
mic humoral factor, thymopoietin, gastrin, selectins, chole-
cystokinin, serotinin, substance P, Major Histocompatibility
Complex (MHC), multiple drug resistance factor (MDR-1)
and the like.

In addition, RNA genes suppressing expression of discase
genes are effective as therapeutic genes and can be used in the
method of the present invention. For example, antisense
RNA, siRNA, shRNA decoy RNA, ribozymes and the like
may be mentioned.

For transfer of a therapeutic gene into hematopoietic stem
cells, ordinary gene transfer methods for animal cells, such as
those using vectors for animal cells such as retrovirus vectors
like murine stem cell vector (MSCV) and Moloney murine
leukemia virus (MmoLV), adenovirus vectors, adeno-associ-
ated virus (AAV) vectors, herpes simplex virus vectors and
lentivirus vectors (for vectors for gene therapy, see Verma, 1.
M., Nature, 389:239, 1997), calcium phosphate coprecipita-
tion, DEAE-dextran transfection, electroporation, a liposome
method, lipofection, microinjection or the like may be used.
Among them, retrovirus vectors, adeno-associated virus vec-
tors or lentivirus vectors are preferred because their integra-
tion into the chromosomal DNA is expected to allow eternal
expression of the gene.

For example, an adeno-associated virus (AAV) vector is
prepared as follows. First, 293 cells are transfected with a
vector plasmid obtained by inserting a therapeutic gene
between the [TRs (inverted terminal repeats) at both ends of
wild-type adeno-associated virus DNA and a helper plasmid
for supplementing virus proteins and subsequently infected
with an adenovirus as a helper virus to induce production of
virus particles containing AAV vectors. Instead of the aden-
ovirus, a plasmid for expression of an adenovirus gene which
functions as a helper may be transfected. Next, hematopoietic
stem cells are infected with the virus particles. It is preferred
to insert an appropriate promoter, enhancer, insulator or the
like upstream of the target gene in the vector DNA to regulate
expression of the gene. Introduction of a marker gene such as
a drug resistance gene in addition to the therapeutic gene
makes it easy to select cells carrying the therapeutic gene. The
therapeutic gene may be a sense gene or an antisense gene.

When hematopoietic stem cells are transfected with a
therapeutic gene, the cells are cultured by an appropriate
method selected from the culture methods mentioned above
for expansion of hematopoietic stem cells by the person in
charge. The gene transfer efficiency can be evaluated by a
standard method in the art. It is possible to transfect a gene
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into hematopoietic stem cells otherwise, expand the resulting
cells (transformed hematopoietic stem cells) by the above-
mentioned method of expanding hematopoietic stem cells
and use the resulting transformed hematopoietic stem cells
for gene therapy.

The transplant for gene therapy may be a composition
containing a buffer solution, an antibiotic, a pharmaceutical
and the like in addition to transformed hematopoietic stem
cells.

The diseases to be treated by gene therapy targeting blood
cells include chronic granulomatosis, severe combined
immunodeficiency syndrome, adenosine deaminase (ADA)
deficiency, agammaglobulinemia, Wiskott-Aldrich syn-
drome, Chediak-Higashi syndrome, immunodeficiency syn-
drome such as acquired immunodeficiency syndrome
(AIDS), hepatitis B, hepatitis C, congenital anemia such as
thalassemia, hemolytic anemia due to enzyme deficiency,
Fanconi’s anemia and sicklemia, lysosomal storage disease
such as Gaucher’s disease and mucopolysaccharidosis, adre-
noleukodystrophy, various kinds of cancers and tumors.

Preferred embodiments of the method of expansion and
transfection of hematopoietic stem cells and/or hematopoi-
etic progenitor cells and the method of transplantation of the
expanded or transfected hematopoietic stem cells and/or
hematopoietic progenitor cells by using the compounds of the
present invention will be described below.

First, for expansion of hematopoietic stem cells and/or
hematopoietic progenitor cells, cord blood, bone marrow,
peripheral blood or the like is collected, and a cell population
enriched with hematopoietic stem cells and/or hematopoietic
progenitor cells is separated from it. As such a cell population,
CD34* cells, CD34*CD38" cells, CD90* cells, CD133™ cells
may be mentioned. For example, CD34* cells can be sepa-
rated by density centrifugation combined with magnetic cell
sorting (MACS) or flow cytometry (Flow Cytometry). For
example, CPD (citrate-phosphate-dextran)-treated blood is
fractioned by density centrifugation to separate and collect a
mononuclear cell enriched fraction (hereinafter referred to as
nucleated cell fraction). As density centrifugation, dextran or
Ficoll density centrifugation, Ficoll-paque density gradient
centrifugation, Percoll discontinuous density gradient cen-
trifugation or Lymphoprep density gradient centrifugation
may be mentioned. Then, magnetic beads coated with an
anti-human CD34 monoclonal antibody (Miltenyi Biotec;
hereinafter referred to CD34 antibody magnetic beads) and
the collected nucleated cell fraction are mixed and incubated
at from 2 to 8° C. (for about 30 minutes) to bind CD34™ cells
in the nucleated cell fraction to the antibody magnetic beads.
The antibody magnetic bead/CD34* cell complexes are sepa-
rated and collected by a specialized magnetic cell separator
such as autoMACS system (Miltenyi Biotec). The CD34*
cells thus obtained are cultured using a compound of the
present invention. The conditions, incubator and medium for
culturing CD34™ cells, the species and amount of the com-
pound, the kinds and amounts of additives and the incubation
time and temperature may be selected appropriately from
those disclosed herein by the person in charge, but are not
restricted thereto. CD34" cells are transfected with a gene
which is obtained by cloning a target gene into a vector by a
standard method in the art, and incubating the vector and
CD34™ cells in the presence of the compound of the present
invention. The kinds of the target gene and the vector, the
transfection method and the culture method may be selected
appropriately from those disclosed herein by the person in
charge, but are not restricted thereto.

After culturing, the total cell count is measured by trypan
blue assay or the like, while the cell culture is stained with an
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anti CD34 antibody and an anti CD38 antibody labeled with
a fluorescent dye such as FITC (fluorescein isothiocyanate),
PE (phycoerythrin) or APC (allophycocyanin), and the pro-
portion of CD34*CD38" cells is analyzed by flow cytometry.
Thus, it is possible to determine how much hematopoietic
stem cells and hematopoietic progenitor cells are expanded in
the cell culture. The proportion of the least differentiated cells
can be determined by subjecting part of the cell culture to
colony assay and counting the resulting HPP-CFC colonies.
The transgene can be detected by analyzing DNA or RNA
extracted from the cells by southern blotting, northern blot-
ting, RT-PCR (Reverse Transcriptase Polymerase Chain
Reaction) or the like. The efficiency of transfer of the target
gene is determined by detecting the protein expressed by the
transgene by ELISA (Enzyme Linked ImmunoSorvent
Assay) or flow cytometry using a specific antibody or by
measuring the functional activity of the protein by an enzyme
assay.

Expanded or transfected hematopoietic stem cells and/or
hematopoietic progenitor cells may be infused by drip, for
example, in the case of treatment of leukemia, into patients
pretreated with an anticancer drug, total body irradiation or an
immunosuppressive drug for eradication of cancer cells or for
facilitation of donor cell engraftment. In such cases, the dis-
ease to be treated, the pretreatment and the cell transplanta-
tion method are selected appropriately by the person in
charge. The engraftment of transplanted hematopoietic stem
cells and/or hematopoietic progenitor cells in the recipient,
the recovery of hematopoiesis, the presence of side effects of
the transplantation and the therapeutic effect of the transplan-
tation can be judged by an ordinary assay used in transplan-
tation therapy.

As described above, the present invention makes it possible
to expand hematopoietic stem cells and/or hematopoietic pro-
genitor cells and to carry out transplantation therapy and gene
therapy safely and easily in a short term by using the
expanded cells.

Because hematopoietic stem cells and/or hematopoietic
progenitor cells can be expanded efficiently by the method of
the present invention, the specific compounds of the present
invention can be used as a reagent for research on hemato-
poietic stem cells and/or hematopoietic progenitor cells. For
example, in a study to elucidate the factor regulating difter-
entiation and growth of hematopoietic stem cells by identi-
fying the colony forming cells in a culture of hematopoietic
stem cells and analyzing the change in cell surface differen-
tiation markers and gene expression, when hematopoietic
stem cells are cultured in the presence of a putative factor,
addition of a compound of the present invention makes it
possible to expand the hematopoietic stem cells and/or
hematopoietic progenitor cells to be analyzed efficiently. The
incubation conditions, the incubator and the culture medium,
the species and amount of the compound of the present inven-
tion, the kinds and amounts of additives and the incubation
time and temperature used to elucidate such a factor may be
selected appropriately from those disclosed herein by the
person in charge. The colony forming cells emerging in the
culture can be observed under a microscope normally used in
the art, optionally after staining them using an antibody spe-
cific for the colony forming cells. The change in gene expres-
sion caused by such a putative factor can be detected by
analyzing DNA or RNA extracted from the cells by southern
blotting, northern blotting, RT-PCR or the like. The cell sur-
face differentiation markers can be detected by ELIS A or flow
cytometry using a specific antibody to examine the effect of
the putative factor on differentiation and growth of the cells.
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When R? is a hydrogen atom, the compounds of the present
invention represented by the formula (1) can have tautomers
(2) to (4) which undergo endocyclic or exocyclic isomeriza-
tion, and the present invention covers these tautomers (2) to
(4) and mixtures containing them in any ratios.

*LOHVL &

R* R5 R*
~

R5 R* R5

~ ~

RS
Q)
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When the compounds of the present invention have an
asymmetric center, whether or not resulting from an isomer-
ization, the present invention covers both resolved optical
isomers and mixtures containing them in any ratios.

The compounds of the present invention can have geo-
metrical isomers such as E-isomers and Z-isomers, whether
or not resulting from an isomerization, depending on the
substituents, and the present invention covers both these geo-
metrical isomers and mixtures containing them in any ratios.

The specific compounds of the present invention repre-
sented by the formula (1) may be converted to pharmaceuti-
cally acceptable salts or may be liberated from the resulting
salts, if necessary. Some of the compounds of the present
invention can be converted, by ordinary methods, to acid
addition salts with hydrogen halides such as hydrofluoric
acid, hydrochloric acid, hydrobromic acid and hydriodic acid,
with inorganic acids such as nitric acid, sulfuric acid, phos-
phoric acid, chloric acid and perchloric acid, with sulfonic
acids such as methanesulfonic acid, ethanesulfonic acid, tri-
fluoromethanesuflonic acid, benzenesulfonic acid and p-tolu-
enesulfonic acid, with carboxylic acids such as formic acid,
acetic acid, propionic acid, trifluoroacetic acid, fumaric acid,
tartaric acid, oxalic acid, maleic acid, malic acid, succinic
acid, benzoic acid, mandelic acid, ascorbic acid, lactic acid,
gluconic acid and citric acid, with amino acids such as
glutamic acid asparatic acid.

Some of the compounds of the present invention can be
converted, by ordinary methods, to metal salts with alkali
metals such as lithium sodium and potassium, with alkaline
earth metals such as calcium, barium and magnesium, with
metals such as aluminum, zinc and copper.

The specific compounds of the present invention repre-
sented by the formula (1) or pharmaceutically acceptable
salts thereof may be in the form of arbitrary crystals or arbi-
trary hydrates, depending on the production conditions. The
present invention covers these crystals, hydrates and mix-
tures. They may be in the form of solvates with organic
solvents such as acetone, ethanol and tetrahydrofuran, and the
present invention covers any of these forms.

The compounds which serve as prodrugs are derivatives of
the specific compounds the present invention having chemi-
cally or metabolically degradable groups which give pharma-
cologically active compounds of the present invention upon
solvolysis or under physiological conditions in vivo. Methods
for selecting or producing appropriate prodrugs are disclosed,
for example, in Design of Prodrugs (Elsevier, Amsterdam
1985). In the present invention, when the compound has a
hydroxy group, acyloxy derivatives obtained by reacting the
compound with appropriate acyl halides or appropriate acid
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anhydrides may, for example, be mentioned as prodrugs.
Acyloxys particularly preferred as prodrugs include
—OCOC,H;, —OCO(t-Bu), —OCOC,;H;,, —OCO(m-
CO,Na—Ph), —OCOCH,CH,CO,Na, —OCOCH(NH,)
CH;, —OCOCH,N(CH,), and the like. When the specific
compound of the present invention has an amino group,
amide derivatives obtained by reacting the compound having
an amino group with appropriate acid halides or appropriate
mixed acid anhydrides may, for example, be mentioned as
prodrugs. Amides particularly preferred as prodrugs include
—NHCO(CH,),,0OCH;, —NHCOCH(NH,)CH; and the
like.

Next, specific examples of each substituent used herein
will be given below. “n” denotes normal, “i”” denotes iso, “s”
denotes secondary, “t” or “tert” denotes tertiary, and “Ph”
denotes phenyl.

As a halogen atom in the compounds of the present inven-
tion, a fluorine atom, a chlorine atom, a bromine atom or an
iodine atom may be mentioned. Herein, the expression “halo”
also means such a halogen atom.

The expression C,-C, alkyl herein means a linear or
branched hydrocarbon group containing from a to [ carbon
atoms such as a methyl group, an ethyl group, a n-propyl
group, an i-propyl group, a n-butyl group, an i-butyl group, a
s-butyl group, a t-butyl group, a n-pentyl group, a 1-methyl-
butyl group, a 2-methylbutyl group, a 3-methylbutyl group, a
1-ethylpropyl group, a 1,1-dimethylpropyl group, a 1,2-dim-
ethylpropyl group, a 2,2-dimethylpropyl group, a n-hexyl
group, a 1-methylpentyl group, a 2-methylpentyl group, a
1,1-dimethylbutyl group, a 1,3-dimethylbutyl group, a heptyl
group, an octyl group, a nonyl group, a decyl group, an
undecyl group or a dodecyl group, and those within the des-
ignated carbon number range are selected.

The expression C,-Cg haloalkyl herein means a linear or
branched hydrocarbon group containing from a to [ carbon
atoms in which hydrogen atom(s) on carbon atom(s) are
optionally substituted with halogen atom(s) which may be
identical with or different from one another if two or more
halogen atoms are present, such as a fluoromethyl group, a
chloromethyl group, a bromomethyl group, an iodomethyl
group, a difluoromethyl group, a chlorofluoromethyl group, a
dichloromethyl group, a bromofluoromethyl group, a trifluo-
romethyl group, a chlorodifluoromethyl group, a dichlorof-
luoromethyl group, a trichloromethyl group, a bromodifiuo-
romethyl group, a bromochlorofluoromethyl group, a
difluoroiodomethyl group, a 2-fluoroethyl group, a 2-chloro-
ethyl group, a 2-bromoethyl group, a 2,2-difluoroethyl group,
a 2-chloro2-fluoroethyl group, a 2,2-dichloroethyl group, a
2-bromo2-fluoroethyl group, a 2,2,2-trifltuoroethyl group, a
2-chloro-2,2-difluoroethyl group, a 2,2-dichloro2-fluoroet-
hyl group, a 2,2,2-trichloroethyl group, a 2-bromo-2,2-dif-
luoroethyl group, a 1,1,2,2-tetrafluoroethyl group, a pen-
tafluoroethyl group, a 1-chloro-1,2,2,2-tetrafluoroethyl
group, a 2-chloro-1,1,2,2-tetrafluoroethyl group, a 1,2-
dichloro-1,2,2-trifluoroethyl group, a 1-bromo-1,2,2,2-tet-
rafluoroethyl group, a 2-bromo-1,1,2,2-tetrafluoroethyl
group, a 2-fluoropropyl group, a 2-chloropropyl group, a
2,3-dichloropropyl group, a 3,3,3-trifluoropropyl group, a
3-bromo-3,3-difluoropropyl group, 2,2,3,3-tetrafluoropropyl
group, a 2,2,3,3,3-pentafluoropropyl group, a 1,1,2,3,3,3-
hexafluoropropyl group, a heptatluoropropyl group, a 2,3-
dichloro-1,1,2,3,3-pentafluoropropyl group, a 2-fluoro1-me-
thylethyl group, a 2-chlorol-methylethyl group, a 2-bromo-
1-methylethyl group, a 2,2,2-trifluoro-1-(triffuoromethyl)
ethyl group, a 1,2,2,2-tetrafluoro-1-(trifluoromethyl)ethyl
group or a nonafluorobutyl group, and those within the des-
ignated carbon number range are selected.



US 9,212,348 B2

35

The expression C,-Cp cycloalkyl herein means a cyclic
hydrocarbon group containing from a to § carbon atoms in
the form ofa 3-to 6-membered monocyclic or polycyclic ring
which may optionally be substituted with an alkyl group as
long as the number of carbon atoms does not exceed the
designated carbon number range, such as a cyclopropyl
group, a 1-methylcyclopropyl group, a 2-methylcyclopropyl
group, a 2,2-dimethylcyclopropyl group, a 2,2,3,3-tetrameth-
yleyclopropyl group, a cyclobutyl group, a cyclopentyl
group, a cyclohexyl group, a cycloheptyl group, a cyclooctyl
group, a bicyclo [2.2.1]heptan-2-yl group, a 1-adamantyl
group or a 2-adamantyl group, and those within the desig-
nated carbon number range are selected.

The expression C,-C, halocycloalkyl means a cyclic
hydrocarbon group containing from a to § carbon atoms in
the form of a 3- to 6-membered monocyclic or complex ring
which may optionally be substituted with an alkyl group as
long as the number of carbon atoms does not exceed the
designated carbon number range, in which hydrogen atom(s)
on carbon atom(s) in a ring moiety and/or in a side chain are
optionally substituted with halogen atom(s) which may be
identical with or different from one another if two or more
halogen atoms are present, such as a 2-fluorocyclopropyl
group, a 2-chlorocyclopropyl group, a 2,2-difluorocyclopro-
pyl group, a 2,2-dichlorocyclopropyl group, a 2,2-dibro-
mocyclopropyl group, a 2,2-difluorol-methylcyclopropyl
group, a 2,2-dichlorol-methylcyclopropyl group, a 2,2,3,3-
tetrafluorocyclobutyl group or a 2-chloro-2,3,3-trifluorocy-
clobutyl group, and those within the designated carbon atom
range are selected.

The expression C,-Cg alkenyl herein means a linear or
branched unsaturated hydrocarbon group containing from o
to fp carbon atoms and having one or more double bonds in the
molecule such as a vinyl group, a 1-propenyl group, a 2-pro-
penyl group, a 1-methylethenyl group, a butenyl group, a
1-methyl-2-propenyl group, a 2-methyl2-propenyl group, a
2-pentenyl group, a 2-methyl-2-butenyl group, a 3-methyl-2-
butenyl group, a 2-ethyl2-propenyl group, a 1,1-dimethyl-2-
propenyl group, a 2-hexenyl group, a 2-methyl-2-pentenyl
group, a 2,4-dimethyl-2,6-heptadienyl group or a 3,7-dim-
ethyl-2,6-octadienyl group, and those within the designated
carbon atom range are selected.

The expression C,-Cp, alkynyl herein means a linear or
branched unsaturated hydrocarbon group containing from o
to § carbon atoms and having one or more triple bonds in the
molecule such as an ethynyl group, a 1-propynyl group, a
2-propynyl group, a 2-butynyl group, a 1-methyl-2-propynyl
group, a 2-pentynyl group, a 1-methyl-2-butynyl group, a
1,1-dimethyl-2-propynyl group or a 2-hexynyl group, and
those within the designated carbon atom range are selected.

The expression C,,-Cp, alkoxy herein means an alkyl-O—
group in which the alkyl is a previously mentioned alkyl
group containing from o to [} carbon atoms, such as a meth-
oxy group, an ethoxy group, a n-propyloxy group, an i-pro-
pyloxy group, a n-butyloxy group, an i-butyloxy group, a
s-butyloxy group, a t-butyloxy group, a n-pentyloxy group, a
n-hexyloxy group, and those within the designated carbon
atom range are selected.

The expression C,-Cp haloalkoxy herein means a
haloalkyl-O— group in which the haloalkyl is a previously
mentioned haloalkyl group containing from o to §§ carbon
atoms, such as a difluoromethoxy group, a trifluoromethoxy
group, a chlorodifluoromethoxy group, a bromodifluo-
romethoxy group, a 2-fluoroethoxy group, a 2-chloroethoxy
group, a 2,2.2-trifluoroethoxy group, a 1,1,2,2.-tetrafluoroet-
hoxy group, a 2-chloro-1,1,2-trifluoroethoxy group, a
2-bromo-1,1,2-trifluoroethoxy group, a pentafluoroethoxy
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group, a 2,2-dichloro-1,1,2-trifluoroethoxy group, a 2,2,2-
trichloro1,1-difluoroethoxy group, a 2-broMo-1,1,2,2-tet-
rafluoroethoxy group, a 2,2,3,3-tetrafluoropropyloxy group,
a 1,1,2,3,3,3-hexafluoropropyloxy group, a 2,2,2-trifluoro1-
(trifluoromethyl)ethoxy group, a heptafluoropropyloxy
group or a 2-bromo-1,1,2,3,3,3-hexafluoropropyloxy group,
and those within the designated carbon atom range are
selected.

The expression C,,-Cg alkylthio herein means an alkyl-S—
group in which the alkyl is a previously mentioned alkyl
group containing from o to [} carbon atoms, such as a meth-
ylthio group, an ethylthio group, a n-propylthio group, an
i-propylthio group, a n-butylthio group, an i-butylthio group,
a s-butylthio group, a t-butylthio group, a n-pentylthio group
or a n-hexylthio group, and those within the designated car-
bon atom range are selected.

The expression C,-Cg haloalkylthio herein means a
haloalkyl-S— group in which the haloalkyl is a previously
mentioned haloalkyl group containing from a to [ carbon
atoms, such as a difluoromethylthio group, a triffuorometh-
ylthio group, a chlorodifluoroethylthio group, a bromodifluo-
roethylthio group, a 2,2,2-trifluoroethylthio group, a 1,1,2,2-
tetrafluoroethylthio group, a 2-chloro-1,1,2-
trifluoroethylthio group, a pentafluoroethylthio group, a
2-bromo-1,1,2,2-tetrafluoroethylthio group, a 1,1,2,3,3,3-
hexafluoropropylthio group, a heptaftuoropropylthio group, a
1,2,2,2-tetrafluoro1-(trifluvoromethyl)ethylthio group or a
nonafluorobutylthio group, and those within the designated
carbon atom range are selected.

The expression C,-C, alkylsulfinyl herein means an alkyl-
S(O)— group in which the alkyl is a previously mentioned
alkyl group containing from a to [} carbon atoms, such as a
methylsulfinyl group, an ethylsulfinyl group, a n-propylsulfi-
nyl group, an i-propylsulfinyl group, a n-butylsulfinyl group,
an i-butylsulfinyl group, a s-butylsulfinyl group or a t-butyl-
sulfinyl group, and those within the designated carbon atom
range are selected.

The expression C,-C, haloalkylsulfinyl herein means a
haloalkyl-S(O)— group in which the haloalkyl is a previously
mentioned haloalkyl group containing from a to [ carbon
atoms, such as a difluoromethylsulfinyl group, a trifluorom-
ethylsulfinyl group, a chlorodifluoromethylsulfinyl group, a
bromodifluoromethylsulfinyl group, a 2,2,2-trifluoroethyl-
sulfinyl group, a 2-bromo-1,1,2,2-tetrafluoroethylsulfinyl
group, a 1,2,2,2-tetrafluoro-1-(trifluoromethyl)ethylsulfinyl
group or a nonafluorobutylsulfinyl group, and those within
the designated carbon atom range are selected.

The expression C,-C, alkylsulfonyl herein means an
alkyl-SO,— group in which the haloalkyl is a previously
mentioned haloalkyl group containing from a to [ carbon
atoms, such as a methylsulfonyl group, an ethylsulfonyl
group, a n-propylsulfonyl group, an i-propylsulfonyl group, a
n-butylsulfonyl group, an i-butylsulfonyl group, a s-butylsul-
fonyl group, a t-butylsulfonyl group, a n-pentylsulfonyl
group or a n-hexylsulfonyl group, and those within the des-
ignated carbon atom range are selected.

The expression C,-C, haloalkylsulfonyl herein means a
haloalkyl-SO,— group in which the haloalkyl is a previously
mentioned haloalkyl group containing from a to [ carbon
atoms, such as adifluoromethylsulfonyl group, a trifluorom-
ethylsulfonyl group, a chlorodifluoromethylsulfonyl group, a
bromodifluoromethylsulfonyl group, a 2,2,2-trifluoroethyl-
sulfonyl group, a 1,1,2,2-tetrafluoroethylsulfonyl group, a
2-chloro-1,1,2-trifluoroethylsulfonyl group or a 2-bromo-1,
1,2,2-tetrafluoroethylsulfonyl group, and those within the
designated carbon atom range are selected.
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The expression C,,-Cg alkylamino herein means an amino
group in which either hydrogen atom is replaced by a previ-
ously mentioned alkyl group containing from o to § carbon
atoms, such as a methylamino group, an ethylamino group, a
n-propylamino group, an i-propylamino group, a n-buty-
lamino group, an i-butylamino group or a t-butylamino group,
and those within the designated carbon atom range are
selected.

The expression di(C,-Cp alkyl)amino herein means an
amino group in which both hydrogen atoms are replaced by
previously mentioned alkyl groups containing from a to car-
bon atoms which may be identical with or different from each
other, such as a dimethylamino group, an ethyl(methyl)amino
group, a diethylamino group, a n-propyl(methyl)amino
group, an i-propyl(methyl)amino group, a di(n-propyl)amino
group, a n-butyl(methyl)amino group, an i-butyl(methyl)
amino group or a t-butyl(methyl)amino group, and those
within the designated carbon atom range are selected.

The expression C,,-Cg alkylimino herein means an alkyl-
N— group in which the alkyl means a previously mentioned
alkyl group containing from a to [ carbon atoms, such as a
methylimino group, an ethylimino group, a n-propylimino
group, an i-propylimino group, a n-butylimino group, ani-bu-
tylimino group, a s-butylimino group, a n-pentylimino group
or a n-hexylimino group, and those within the designated
carbon atom range are selected.

The expression C,-Cp alkoxyimino herein means an
alkoxy-N=group in which the alkoxy means a previously
mentioned alkoxy group containing from o to f§ carbon
atoms, such as a methoxyimino group, an ethoxyimino group,
a n-propyloxyimino group, an i-propyloxyimino group, a
n-butyloxyimino group, a n-pentyloxyimino group or a
n-hexyloxyimino group, and those within the designated car-
bon atom range are selected.

The expression C,-C, alkylcarbonyl herein means an
alkyl-C(O)— group in which the alkyl means a previously
mentioned alkyl group containing from a to 3 carbon atoms,
such as an acetyl group, a propionyl group, a butyryl group, an
isobutyryl group, a valeryl group, an isovaleryl group, a
2-methylbutanoyl group, a pivaloyl group, a hexanoyl group
or a heptanoyl group, and those within the designated carbon
atom range are selected.

The expression C,-Cp, haloalkylcarbonyl herein means a
haloalkyl-C(O)— group in which the haloalkyl means a pre-
viously mentioned haloalkyl group containing from o to
carbon atoms, such as a fluoroacetyl group, a chloroacetyl
group, a difluoroacetyl group, a dichloroacetyl group, a trif-
Iuoroacetyl group, a chlorodifluoroacetyl group, a bromodi-
fluoroacetyl group, a trichloroacetyl group, a pentafluoropro-
pionyl group, a heptatluorobutanoyl group or a 3-chloro-2,2-
dimethylpropanoyl group, and those within the designated
carbon atom range are selected.

The expression C,-Cg alkoxycarbonyl herein means an
alkyl-O—C(O)— group in which the alkyl means a previ-
ously mentioned alkoxy group containing from e to § carbon
atoms, such as a methoxycarbonyl group, an ethoxycarbonyl
group, a n-propyloxycarbonyl group, an i-propyloxycarbonyl
group, a n-butoxycarbonyl group, an i-butoxycarbonyl group
or a t-butoxycarbonyl group, and those within the designated
carbon atom range are selected.

The expression C,,-Cg haloalkoxycarbonyl herein means a
haloalkyl-O—C(O)— group in which the haloalkyl means a
previously mentioned haloalkyl group containing from ato
carbon atoms, such as a 2-chloroethoxycarbonyl group, a
2,2-difluoroethoxycarbonyl group, a 2,2,2-trifluoroethoxy-
carbonyl group ora2,2,2-trichloroethoxycarbonyl group, and
those within the designated carbon atom range are selected.
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The expression C,-C, alkylaminocarbonyl herein means a
carbamoyl group in which either hydrogen atom is replaced
by a previously mentioned alkyl group containing from o to
[ carbon atoms, such as a methylcarbamoyl group, an ethyl-
carbamoyl group, a n-propylcarbamoyl group, an i-propyl-
carbamoyl group, a n-butylcarbamoyl group, an i-butylcar-
bamoyl group, a s-butylcarbamoyl group or a
t-butylcarbamoyl group, and those within the designated car-
bon atom range are selected.

The expression C,-Cp haloalkylaminocarbonyl herein
means a carbamoyl group in which either hydrogen atom is
replaced by a previously mentioned haloalkyl group contain-
ing from a to p carbon atoms, such as a 2-fluoroethylcarbam-
oyl group, a 2-chloroethylcarbamoyl group, a 2,2-difluoroet-
hylcarbamoyl group or a 2,2.2-trifluoroethylcarbamoyl
group, and those within the designated carbon atom range are
selected.

The expression di(C,-C, alkyl)aminocarbonyl herein
means a carbamoyl group in which both hydrogen atoms are
replaced by previously mentioned alkyl groups containing
from o to §§ carbon atoms which may be identical with or
different from each other, such as an N,N-dimethylcarbamoyl
group, an N-ethyl-N-methylcarbamoyl group, an N,N-dieth-
ylcarbamoyl group, an N,N-di-n-propylcarbamoyl group or
an N,N-di-n-butylcarbamoyl group, and those within the des-
ignated carbon atom range are selected.

The expression C,,-C, alkylaminosulfonyl herein means a
sulfamoyl group in which either hydrogen atom is replaced by
a previously mentioned alkyl group containing from o to §
carbon atoms, such as a methylsulfamoyl group, an ethylsul-
famoyl group, a n-propylsulfamoyl group, an i-propylsulfa-
moyl group, a n-butylsulfamoyl group, an i-butylsulfamoyl
group, a s-butylsulfamoyl group or a t-butylsulfamoyl group,
and those within the designated carbon atom range are
selected.

The expression di(C,-C, alkyl)aminosulfonyl herein
means a sulfamoyl group in which both hydrogen atoms are
replaced by previously mentioned alkyl groups containing
from o to §§ carbon atoms which may be identical with or
different from each other, such as an N,N-dimethylsulfamoyl
group, an N-ethyl-N-methylsulfamoyl group, an N,N-dieth-
ylsulfamoyl group, an N,N-di-n-propylsulfamoyl group or an
N,N-di-n-butylsulfamoyl group, and those within the desig-
nated carbon atom range are selected.

The expression tri(C,-Cg alkyl)silyl herein means a silyl
group substituted with previously mentioned alkyl groups
containing from a to § carbon atoms which may be identical
with or different from one another, such as a trimethylsilyl
group, a triethylsilyl group, a tri(n-propyl)silyl group, an
ethyldimethylsilyl group, a n-propyldimethylsilyl group, a
n-butyldimethylsilyl group, an i-butyldimethylsilyl group or
at-butyldimethylsilyl group, and those within the designated
carbon atom range are selected.

The expression C,,-Cp, alkylsulfonyloxy herein means an
alkylsulfonyl-O— group in which the alkylsulfonyl means a
previously mentioned alkylsulfonyl group containing from o
to B carbon atoms, such as a methylsulfonyloxy group, an
ethylsulfonyloxy group, a n-propylsulfonyloxy group or an
i-propylsulfonyloxy group, and those within the designated
carbon atom range are selected.

The expression C,,-Cg haloalkylsulfonyloxy herein means
a haloalkylsulfonyl-O— group in which the haloalkylsulfo-
nyl means a previously mentioned haloalkylsulfonyl group
containing from a to [ carbon atoms, such as a difluorom-
ethylsulfonyloxy group, a trifluoromethylsulfonyloxy group,
a chlorodifluoromethylsulfonyloxy group or a bromodifiuo-
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romethylsulfonyloxy group, and those within the designated
carbon atom range are selected.

The expression C,-Cg alkoxy (Cs-C,) alkyl herein means a
previously mentioned alkyl group containing from 8 to €
carbon atoms in which hydrogen atom(s) on carbon atom(s)
are optionally substituted with previously mentioned alkoxy
group(s) containing from o to § carbon atoms, and those
within the designated carbon atom range are selected.

The expression C,,-Cy alkoxy(Cy-C,) alkoxy herein means
a previously mentioned alkoxy group containing from 9 to €
carbon atoms in which hydrogen atom(s) on carbon atom(s)
are optionally substituted with previously mentioned alkoxy
group(s) containing from o to § carbon atoms, and those
within the designated carbon atom range are selected.

The expression (C,-Cpg) alkenyl optionally substituted
witha halogen atomor (C,,-Cp) alkenyl optionally substituted
with R*! herein means a previously mentioned alkynyl group
containing from a to b carbon atoms in which hydrogen
atom(s) on carbon atom(s) are substituted with optional halo-
gen atom(s) or R*', and those within the designated carbon
atom range are selected. When there are two or more halogen
atoms or the substituent R*>!’s on an (Cy-Cp) alkenyl group,
the R*"’s or the halogen atoms may be identical with or
different from one another.

The expression (C,-Cp) alkynyl optionally substituted
with a halogen atom or (C,-Cg) alkynyl optionally substi-
tuted with R*! herein means a previously mentioned alkynyl
group containing from a to b carbon atoms in which hydrogen
atom(s) on carbon atom(s) are substituted with optional halo-
gen atom(s) or R*!, and those within the designated carbon
atom range are selected. When there are two or more halogen
atoms or the substituent R***s on an (C,-Cp) alkynyl group,
the R*"’s or the halogen atoms may be identical with or
different from one another.

The expression benzyl having a benzene ring optionally
substituted with e R>!’s, benzyl having a benzene ring which
may be substituted with f R**’s or benzyl having a benzene
ring which may be substituted with g R'*’s herein means a
previously mentioned benzyl group in which the hydrogen
atoms on e, f or g carbon atom(s) in the benzene ring are
optionally substituted with optional R**’s, R**’s or R'*’s.
When there are two or more R*!’s, R**’s or R'>’s in the
benzene ring, they may be identical with or different from one
another.

The expression phenyl optionally substituted with e R*!’s,
phenyl which may be substituted with £ R**’s or phenyl
optionally substituted with k R®"’s herein means a previously
mentioned phenyl group in which the hydrogen atoms on e, f,
or k carbon atoms in the benzene ring are optionally substi-
tuted with optional R*"’s, R**’s or R®'*s. When there are two
ormore R*!’s R**’s or R*'’s in the benzene ring, they may be
identical with or different from one another.

The expression 1-phenethyl having a benzene ring which
may optionally be substituted with b R'*s herein means a
1-phenethyl group having a benzene ring in which the hydro-
gen atoms on b carbon atoms are optionally substituted with
optional R'*s. When there are two or more R'*s in the
benzene ring, they may be identical with or different from one
another.

The expression 2-phenethyl having a benzene ring which
may optionally be substituted with b R'*s herein means a
2-phenethyl group having a benzene ring in which the hydro-
gen atoms on b carbon atoms are optionally substituted with
optional R'*s. When there are two or more R'*s in the
benzene ring, they may be identical with or different from one
another.
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The expression (C,-Cp) alkyl substituted with R'7 herein
means a previously mentioned alkyl group containing from o
to  carbon atoms in which hydrogen atom(s) on carbon
atom(s) are optionally substituted with R'”, and those within
the designated carbon atom range are selected. When there
are two or more R*7’s on an alkyl group on the (Co-Cp) alkyl
group, the R'7’s may be identical with or different from one
another.

As the scope of the substituent represented by R* in the
compounds which fall within the present invention, the fol-
lowing sets may, for example, be mentioned.

R'-I: C,-C, alkyl.

R!-II: C,-Cyalkyl, C, -C alkyl substituted with R'7, C,-C
haloalkyl, C,-C4 cycloalkyl, phenyl and phenyl substituted
with a R'"’s [wherein R'! is a halogen atom, C,-C, alkyl or
C,-C; alkoxy, and when a is an integer of at least two, each
R may be identical with or different from one another, R*?
is C,-C¢ alkyl, R*” is —C(O)OR'? or phenyl, and a is an
integer of from 1 to 5].

RI-II: C,-C, alkyl, C,-C, haloalkyl, C,-C4 cycloalkyl,
C,-C, alkyl substituted with R'”, D5, phenyl and phenyl
substituted with a R''’s [wherein R'! is a halogen atom,
C,-Cs alkyl, C,-C4; alkoxy, C,-C4 haloalkyl, C,-Cq
haloalkoxy or nitro, and when a is an integer of at least two,
each R'' may be identical with or different from one another,
and when there are two neighboring R'!s, the two neighbor-
ing R's may form —CH—CHCH—CH— to form a
6-membered ring together with the carbon atoms attached to
the two R*!’s, R? is a halogen atom or C,-Cg alkyl, R'? is
C,-C, alkyl, R'7 is —C(0)O R'? or phenyl, a is an integer of
from 1 to 5, and s2 is an integer of from 0 to 3].

R-IV: C,-C, alkyl, C,-C, alkyl substituted with R'7,
C,-C, haloalkyl, C;-C, cycloalkyl, —C(0)OQ R*2, D2, D4,
D5, D7, D21, D22, D23, phenyl and phenyl substituted with
aR'"’s [wherein R is a halogen atom, C,-C , alkyl, C,-C,,
alkoxy, C,-C,, haloalkyl, C,-C, ; haloalkoxy, nitro or phenyl,
R'?is a hydrogen atom, C, -C alkyl or C,-C, cycloalkyl, and
when a is an integer of at least 2, each R*! may be identical
with or different from one another, and when there are two
neighboring R'"’s, the two neighboring R'*’s may form,
together with the carbon atoms attached to the two R''’s,
—CH—CHCH—CH— to form a 6-membered ring which
may have one or more hydrogen atoms on the ring-constitut-
ing carbon atoms replaced by one or more 7Z’s which may be
identical with or different from one another, if two or more
7’s are present, R'? is a hydrogen atom, C,-C, alkyl or C5-C
cycloalkyl, R'7 is —C(O)OR*? or phenyl, Z is a halogen atom
or C,-Cy alkyl, R” is C,-C, alkyl or phenyl, R” is a halogen
atom, C,-Cy alkyl, phenoxy, phenyl or phenyl which may be
substituted with m R*®’s, R*® is a halogen atom, C,-C, alkyl,
C,-C¢ alkoxy, C,-C¢ haloalkyl or C,-C, haloalkoxy, and
when m is an integer of at least 2, each R'® may be identical
with or different from one another, when s2 or s3 is an integer
of at least 2, each R* may be identical with or different from
one another, a is an integer of from 1 to 5, m is an integer of
from 1 to 5, s2 is an integer of from 0 to 3, and s3 is an integer
of from 0 to 2].

As the scope of the substituent represented by R? in the
compounds which fall within the present invention, the fol-
lowing sets may, for example, be mentioned.

R?-I: a hydrogen atom, C,-C, alkyl, phenyl and phenyl
optionally substituted with e R*!*s [wherein R*! is a halogen
atom, C,-C,, alkyl, C,-Cq4 alkoxy, C,-C, alkoxy(C,-C,)
alkoxy, C,-Cghaloalkyl or phenyl, and when e is an integer of
atleast 2, each R*! may be identical with or different from one
another, and e is an integer of from 1 to 5].
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R2-II: a hydrogen atom, C,-C, alkyl, D2, benzyl, benzyl
having a benzene ring optionally substituted with e R*!’s,
phenyl and phenyl optionally substituted with e R*"’s
[wherein R?! is a halogen atom, C,-C, alkyl, C,-C alkoxy,
C,-C, alkoxy(C, -C,) alkoxy, C, -C, haloalkyl, nitro, cyano or
phenyl, when e is an integer of at least 2, each R*! may be
identical with or different from one another, and when there
are two neighboring R?!’s, the two neighboring R*'’s may
form —OCH,0—, —OCH,CH,O0— or
—CH—CHCH—CH— to form, together with the carbon
atoms attached to the two R?'’s, a S-membered or 6-mem-
bered ring which may have one or more hydrogen atoms on
the ring-constituting carbon atoms replaced by one or more
Z’s which may be identical with or different from one
another, if two or more Z’s are present, 7. is a halogen atom or
C,-Cq alkyl, R” is a halogen atom, C,-C alkyl, phenoxy or
phenyl, and when s2 is an integer of at least 2, each R* may be
identical with or different from one another, e is an integer of
from 1 to 5, and s2 is an integer of from 0 to 3].

R2-III: a hydrogen atom, C,-C, alkyl, D2, D7, benzyl,
benzyl having a benzene ring optionally substituted with e
R?"’s, phenyl and phenyl optionally substituted with e R*"’s
[wherein R*! is a halogen atom, C,-C,, alkyl, C;-C,,
cycloalkyl, C,-C,, alkoxy, C,-C4 alkoxy(C,-Cs) alkoxy,
C,-C,, haloalkyl, C,-C, , haloalkoxy, nitro, cyano, phenoxy,
phenyl or phenyl which may be substituted with £ R**’s, and
when £ is an integer of at least 2, each R**> may be identical
with or different from one another, and when e is an integer of
atleast 2, each R*' may be identical with or different from one

another, and when there are two neighboring R*!’s, the two
neighboring R*'’s may form —OCH,0—,
— OCH,CH,0—, ~ OCH—CH— or

—CH—CHCH—CH— to form, together with the carbon
atoms attached to the two R?'’s, a S-membered or 6-mem-
bered ring which may have one or more hydrogen atoms on
the ring-constituting carbon atoms replaced by one or more
Z’s which may be identical with or different from one
another, if two or more Z’s are present, R>? is a halogen atom,
C,-Cy alkyl, C,-Cy alkoxy, C,;-C¢ haloalkyl or C,-Cq
haloalkoxy, Z is a halogen atom or C,-C alkyl, and when f'is
an integer of at least 2, each R** may be identical with or
different from one another, R” is a halogen atom, C, -C; alky],
phenoxy, phenyl or phenyl which may be substituted with m
R'%s, and when m is an integer of at least 2, each R'® may be
identical with or different from one another, and when s2 is an
integer of at least 2, each R* may be identical with or different
from one another, R*° is a halogen atom, C,-C alkyl, C,-C
alkoxy, C,-C4 haloalkyl or C,-C, haloalkoxy, e is an integer
of from 1 to 5, fis an integer of from 1 to 5, m is an integer of
from 1 to 5, and s2 is an integer of from 0 to 3].

R2-IV: a hydrogen atom, C,-C4 alkyl, C5-C, cycloalkyl,
D2, D7, benzyl, benzyl having a benzene ring optionally
substituted with e R*'’s, phenyl and phenyl optionally sub-
stituted with e R*"’s [wherein R*! is a halogen atom, C,-C
alkyl, C5-C,, cycloalkyl, C,-C,, alkoxy, C,-Cg4 alkoxy(C, -
Cy) alkoxy, C,-C,, haloalkyl, C,-C,, haloalkoxy, nitro,
cyano, phenoxy, phenyl or phenyl which may be substituted
with f R**’s, and when f is an integer of at least 2, each R*?
may be identical with or different from one another, and when
e is an integer of at least 2, each R*! may be identical with or
different from one another, and when there are two neighbor-
ing R*!’s, the two neighboring R***s may form —OCH,O—,
—OCH,CH,0—, —OCH—CH— or
—CH—CHCH—CH— to form, together with the carbon
atoms attached to the two R?'’s, a S-membered or 6-mem-
bered ring which may have one or more hydrogen atoms on
the ring-constituting carbon atoms replaced by one or more
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Z’s which may be identical with or different from one
another, if two or more Z’s are present, R*? is a halogen atom,
C,-Cy alkyl, C,-Cy alkoxy, C,;-C¢ haloalkyl or C,-Cq
haloalkoxy, Z is ahalogen atom or C,-Cg alkyl, R* is ahalogen
atom, C,-C alkyl, phenoxy, phenyl or phenyl which may be
substituted with m R'®’s, and when m is an integer of at least
2, each R'® may be identical with or different from one
another, and when s2 is an integer of at least 2, each R* may be
identical with or different from one another, R'® is a halogen
atom, C,-C; alkyl, C,-C; alkoxy, C,-Cq haloalkyl or C,-Cy
haloalkoxy, e is an integer of from 1 to 5, fis an integer of from
1to 5, m is an integer of from 1 to 5, and s2 is an integer of
from 0 to 3].

As the scope of the substituent represented by R? in the
compounds which fall within the present invention, the fol-
lowing sets may, for example, be mentioned.

R?-I: a hydrogen atom.

R3-1I: a hydrogen atom, C,-C, alkyl, C;-C, cycloalkyl,
C,-C, alkoxy(C,-C,) alkyl, —C(O)R'?, —C(O)OR'? and
—C(O)N(R™)R'? [wherein each of R'? and R'? is indepen-
dently a hydrogen atom, C,-C, alkyl or C;-C, cycloalkyl],
—Si(R**)(R**)R>** [wherein each of R*2, R>® and R*>* is inde-
pendently C,-C; alkyl or C;-C, cycloalkyl].

R3-III: a hydrogen atom, C,-C, alkyl, C5-C, cycloalkyl,
C,-C, alkoxy(C,-C,) alkyl, —C(O)R'?, —C(O)OR'? and
—C(O)N(R*)R*? [wherein each of R'? and R*? is indepen-
dently a hydrogen atom, C,-Cq4 alkyl or C;-C, cycloalkyl],
—Si(R3*?)(R**)R>** [wherein each of R**, R** and R**is inde-
pendently C,-C alkyl or C5-Cq cycloalkyl], benzyl or benzyl
having a benzene ring which may be substituted with g R**’s
[wherein R'® is a halogen atom, C,-C alkyl, C, -C alkoxy or
C,-C; haloalkyl, and when g is an integer of at least 2, each
R'* may be identical with or different from one another, and
g is an integer of from 1 to 5].

As the scope of the substituent represented by R* in the
compounds which fall within the present invention, the fol-
lowing sets may, for example, be mentioned.

R*I: C,-C, alkyl.

As the scope of the substituent represented by R in the
compounds which fall within the present invention, the fol-
lowing sets may, for example, be mentioned.

R°-1: C,-C, alkyl.

As the scope of the substituent represented by R*and R® in
the compounds which fall within the present invention, the
following sets may, for example, be mentioned.

R*4R: —CH,CH,—, —CH,CH,CH,—,
—CH,CH,CH,CH,— or—CH,CH,CH,CH,CH,—, which
forms a 3-membered, 4-membered, S-membered or 6-mem-
bered ring together with the carbon atoms attached to R* and
R

As the scope of the substituent represented by R® in the
compounds which fall within the present invention, the fol-
lowing sets may, for example, be mentioned.

RE-1: F1 phenyl, 1-naphthyl or 2-naphthyl.

RE-II: D2, F1, phenyl and phenyl optionally substituted
with k R®""s [wherein R®! is a halogen atom, C,-C, alkyl,
C,-Cghaloalkyl, C,-C alkoxy, phenyl or phenoxy, and when
k is an integer of at least 2, each R®' may be identical with or
different from one another, and when there are two neighbor-
ing R®'s, the two neighboring R®"’s may form —OCH,O—
or —CH—CHCH—CH— to form, together with the carbon
atoms attached to the two R®'’s, a 5-membered or 6-mem-
bered ring which may have one or more hydrogen atoms on
the ring-constituting carbon atoms replaced by one or more
Z’s which may be identical with or different from one
another, if two or more Z’s are present, R” is a halogen atom,
C,-C; alkyl, phenoxy or phenyl, and when s2 is an integer of
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atleast 2, each R* may be identical with or different from one
another, k is an integer of from 1 to 5, and s2 is an integer of
from 0 to 3].

RE-III: D2, F1, phenyl and phenyl optionally substituted
with k R®""s [wherein R® is a halogen atom, C,-C, alkyl,
C,-Cq haloalkyl, C,-C, alkoxy, C;-C; cycloalkoxy, C,-Cq
haloalkoxy, C;-C, halocycloalkoxy, C,-C, alkoxy(C,-C,)
alkoxy, C;-Cg cycloalkyl, C;-C,4 halocycloalkyl, phenyl or
phenoxy, and when k is an integer of at least 2, each R®! may
be identical with or different from one another, and when
there are two neighboring R*'’s, the two neighboring R®"’s
may form —OCH,O— or —CH—CHCH—CH— to form,
together with the carbon atoms attached to the two R3"’s, a
S5-membered or 6-membered ring which may have one or
more hydrogen atoms on the ring-constituting carbon atoms
replaced by one or more Z’s which may be identical with or
different from one another, if two or more Z’s are present, R”
is a halogen atom or C,-C alkyl, phenoxy, pheny! or phenyl
which may be substituted with m R*®’s, and when m is an
integer of at least 2, each R' may be identical with or differ-
ent from one another, and when s2 is an integer of at least 2,
each R” may be identical with or different from one another,
R!'® is a halogen atom, C,-Cy alkyl, C,-C4 alkoxy, C,-Cg
haloalkyl or C,-C4 haloalkoxy, k is an integer of from 1 to 5,
mis an integer of from 1 to 5, and s2 is an integer of from 0 to
3].

REIV: D2, D7, D23, F1, F2, phenyl and phenyl optionally
substituted with k R®'s [wherein R*' is a halogen atom, C,-C
alkyl, C,-Cy haloalkyl, C,-C alkoxy, C;-C4 cycloalkoxy,
C,-Cg haloalkoxy, C,-C, halocycloalkoxy, C, -C, alkoxy(C, -
C,) alkoxy, C;-C4 cycloalkyl, C;-Cq halocycloalkyl, phenyl
or phenoxy, and when k is an integer of at least 2, each R®'
may be identical with or different from one another, and when
there are two neighboring R®"’s, the two neighboring R®"’s
may form —OCH,0O— or —CH—CHCH—CH— to form,
together with the carbon atoms attached to the two R*"’s, a
S5-membered or 6-membered ring which may have one or
more hydrogen atoms on the ring-constituting carbon atoms
replaced by one or more Z’s which may be identical with or
different from one another, if two or more Z’s are present, R*
is a halogen atom, C,-C4 alkyl, phenoxy, phenyl or phenyl
which may be substituted with m R*’s, and when m is an
integer of at least 2, each R' may be identical with or differ-
ent from one another, and when s2 is an integer of at least 2,
each R” may be identical with or different from one another,
R'¢ is a halogen atom, C,-C4 alkyl, C,-C, alkoxy, C,-Cq
haloalkyl or C,-C, haloalkoxy, k is an integer of from 1 to 5,
mis an integer of from 1 to 5, and s2 is an integer of from 0 to
3].

As the scope of the substituent represented by X in the
compounds which fall within the present invention, the fol-
lowing sets may, for example, be mentioned.

X-1: a single bond.

X-2: —CH,—.

The sets indicating the scope of each substituent in the
compounds which fall within the present invention may be
combined arbitrarily to indicate the scope of the compounds
of the present invention. The scope of R', R?, R?, R® or X may
be combined, for example, as shown in Table 1. The combi-
nations shown in Table 1 merely exemplity the present inven-
tion, and the present invention is by no means restricted
thereto.
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TABLE 1

R! R2 R3 RS X

RLI R2I R3-1 RSI X-1
RLI R2I R3-1 RE-IT X-1
RLI R2I R3-1 RE-IIT X-1
RLI R2-I R3-I RS- IV X-1
RLI R2I R3-IT RSI X-1
RLI R2I R3-IT RE-IT X-1
RLI R2-I R3-II RE-III X-1
RLI R2-I R3-II RS- IV X-1
RLI R2I R3-III RSI X-1
RLI R2I R3-III RE-IT X-1
RLI R2-I R3-III RE-III X-1
RLI R2-I R3-III RS- IV X-1
RLI R2-IT R3-1 RSI X-1
RLI R2-IT R3-1 RE-IT X-1
RLI R2-II R3-I RE-III X-1
RLI R2-II R3-I RS- IV X-1
RLI R2-IT R3-IT RSI X-1
RLI R2-IT R3-IT RE-IT X-1
RLI R2-II R3-II RE-III X-1
RLI R2-II R3-II RS- IV X-1
RLI R2-IT R3-III RSI X-1
RLI R2-IT R3-III RE-IT X-1
RLI R2-II R3-III RE-1II X-1
RLI R2-IT R3-III RE-IV X-1
RLI R2-IIT R3-1 RSI X-1
RLI R2-IIT R3-1 RE-IT X-1
RLI R2-III R3-I RE-1II X-1
RLI R2-IIT R3-1 RE-IV X-1
RLI R2-IIT R3-IT RSI X-1
RLI R2-III R3-II RE-II X-1
RLI R2-III R3-II RE-1II X-1
RLI R2-IIT R3-IT RE-IV X-1
RLI R2-IIT R3-III RSI X-1
RLI R2-III R3-III RE-II X-1
RLI R2-III R3-III RE-1II X-1
RLI R2-IIT R3-III RE-IV X-1
RLI R2-IV R3-1 RSI X-1
RLI R2-IV R3-I RE-II X-1
RLI R2-IV R3-I RE-1II X-1
RLI R2-IV R3-1 RE-IV X-1
RLI R2-IV R3-IT RSI X-1
RLI R2-IV R3-II RE-II X-1
RLI R2-IV R3-II RE-1II X-1
RLI R2-IV R3-IT RE-IV X-1
RLI R2-IV R3-III RSI X-1
RLI R2-IV R3-III RE-II X-1
RLI R2-IV R3-III RE-1II X-1
RLI R2-IV R3-III RE-IV X-1
RIT R2I R3-1 RSI X-1
RLII R2-I R3-I RE-II X-1
RIT R2I R3-1 RE-IIT X-1
RIT R2I R3-1 RE-IV X-1
RIT R2I R3-IT RSI X-1
RLII R2-I R3-II RE-II X-1
RIT R2I R3-IT RE-IIT X-1
RIT R2I R3-IT RE-IV X-1
RLII R2-I R3-III R8I X-1
RLII R2-I R3-III RE-II X-1
RIT R2I R3-III RE-IIT X-1
RIT R2I R3-III RE-IV X-1
RLII R2-II R3-I R8I X-1
RLII R2-II R3-I RE-II X-1
RIT R2-IT R3-1 RE-IIT X-1
RIT R2-IT R3-1 RE-IV X-1
RLII R2-II R3-II R8I X-1
RLII R2-II R3-II RE-II X-1
RIT R2-IT R3-IT RE-IIT X-1
RIT R2-IT R3-IT RE-IV X-1
RLII R2-II R3-III R8I X-1
RLII R2-II R3-III RE-II X-1
RIT R2-IT R3-III RE-IIT X-1
RIT R2-IT R3-III RE-IV X-1
RLII R2-III R3-I R8I X-1
RIT R2-IIT R3-1 RE-IT X-1
RIT R2-IIT R3-1 RE-IIT X-1
RIIT R2-IIT R3-I RS-V X-1
RLII R2-III R3-II R8I X-1
RIIT R2-IIT R3-IT RS-IT X-1
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TABLE 1-continued TABLE 1-continued

R! R2 R3 RS X R! R2 R3 RS X

RLII R2-IIT R3-IT RE-IIT X-1 RLIV R2-IT R3-1 RSI X-1
RLII R2-IIT R3-IT RE-IV X-1 5 RLIV R2-IT R3-1 RE-IT X-1
RLII R2-IIT R3-III RS-I X-1 RLIV R2-IT R3-1 RE-IIT X-1
RLII R2-III R3-1II RE-II X-1 RLIV R2-II R3-I RS- IV X-1
RLII R2-IIT R3-III RE-IIT X-1 RLIV R2-IT R3-IT RSI X-1
RLII R2-IIT R3-III RE-IV X-1 RLIV R2-IT R3-IT RE-IT X-1
RLII R2-IV R31 RE-I X-1 RLIV R2-II R3-II RE-III X-1
RLII R2-IV R3I RS- X-1 10 RLIV R2-II R3-II RSV X-1
RLII R2-IV R3I RE-IIT X-1 RLIV R2-IT R3-III RSI X-1
RLII R2-IV R3I RE-IV X-1 RLIV R2-IT R3-III RE-IT X-1
RLII R2-IV R3-1I RE-I X-1 RLIV R2-II R3-III RE-III X-1
RLII R2-IV R3-1I RE-II X-1 RLIV R2-II R3-III RS- IV X-1
RLII R2-IV R3-IT RE-IIT X-1 RLIV R2-IIT R3-1 RSI X-1
RLII R2-IV R3-IT RE-IV X-1 5 RLIV R2-IIT R3-1 RE-IT X-1
RLII R2-IV R3-11I RE-I X-1 RLIV R2-III R3-I RE-III X-1
RLII R2-IV R3-1II RE-II X-1 RLIV R2-III R3-I RS- IV X-1
RLII R2-IV R3-III RE-IIT X-1 RLIV R2-IIT R3-IT RSI X-1
RLII R2-IV R3-III RE-IV X-1 RLIV R2-IIT R3-IT RE-IT X-1
RLII R2-I R31 RE-I X-1 RLIV R2-III R3-II RE-III X-1
RLII R2-I R31 RE-II X-1 RLIV R2-III R3-II RS- IV X-1
RI-IIT R2I R3I RE-IIT X-1 20 RLIV R2-IIT R3-III RSI X-1
RI-IIT R2I R3I RE-IV X-1 RLIV R2-IIT R3-III RE-IT X-1
RLII R2-I R3-1I RE-I X-1 RLIV R2-III R3-III RE-1II X-1
RI-IIT R2I R3-IT RS- X-1 RLIV R2-IIT R3-III RE-IV X-1
RI-IIT R2I R3-IT RE-IIT X-1 RLIV R2-IV R3-1 RSI X-1
RI-IIT R2I R3-IT RE-IV X-1 RLIV R2-IV R3-1 RE-IT X-1
RLII R2-I R3-1II RE-I X-1 25 RLIV R2-IV R3-I RE-1II X-1
RI-IIT R2I R3-III RS- X-1 RLIV R2-IV R3-1 RE-IV X-1
RI-IIT R2I R3-III RE-IIT X-1 RLIV R2-IV R3-IT RSI X-1
RLII R2-I R3-11I RS- IV X-1 RLIV R2-IV R3-II RE-II X-1
RLII R2-II R31 RE-I X-1 RLIV R2-IV R3-II RE-1II X-1
RI-IIT R2-IT R3I RS- X-1 RLIV R2-IV R3-IT RE-IV X-1
RI-III R2-II R3-1 RS-III X-1 30 RLIV RZ-IV R3-III R8I X-1
RLII R2-II R31 RS- IV X-1 RLIV R2-IV R3-III RE-II X-1
RLII R2-II R3-1I RE-I X-1 RLIV R2-IV R3-III RE-1II X-1
RI-IIT R2-IT R3-IT RS- X-1 RLIV R2-IV R3-III RE-IV X-1
RI-IIT R2-IT R3-IT RE-IIT X-1 RLI R2I R3-1 RSI X-2
RLII R2-II R3-1I RS- IV X-1 RLI R2-I R3-I RE-II X-2
RLII R2-II R3-1II RE-I X-1 35 RLI R2-I R3-I RE-1II X-2
RI-IIT R2-IT R3-III RS- X-1 RLI R2I R3-1 RE-IV X-2
RI-IIT R2-IT R3-III RE-IIT X-1 RLI R2I R3-IT RSI X-2
RLII R2-II R3-11I RS- IV X-1 RLI R2-I R3-II RE-II X-2
RLII R2-III R31 RE-I X-1 RLI R2-I R3-II RE-1II X-2
RI-IIT R2-IIT R3I RS- X-1 RLI R2I R3-IT RE-IV X-2
RI-IIT R2-IIT R3I RE-IIT X-1 RLI R2I R3-III RSI X-2
RLII R2-III R31 RS- IV X-1 40 RLI R2-I R3-III RE-II X-2
RLII R2-III R3-1I RE-I X-1 RLI R2-I R3-III RE-1II X-2
RI-IIT R2-IIT R3-IT RS- X-1 RLI R2I R3-III RE-IV X-2
RI-IIT R2-IIT R3-IT RE-IIT X-1 RLI R2-IT R3-1 RSI X-2
RLII R2-III R3-1I RS-V X-1 RLI R2-II R3-I RE-II X-2
RI-IIT R2-IIT R3-III RS-I X-1 RLI R2-IT R3-1 RE-IIT X-2
RI-IIT R2-IIT R3-III RS- X-1 45 RLI R2-IT R3-1 RE-IV X-2
RI-IIT R2-IIT R3-III RE-IIT X-1 RLI R2-IT R3-IT RSI X-2
RLII R2-III R3-1II RS-V X-1 RLI R2-II R3-II RE-II X-2
RI-IIT R2-IV R3I RS-I X-1 RLI R2-IT R3-IT RE-IIT X-2
RI-IIT R2-IV R3I RS- X-1 RLI R2-IT R3-IT RE-IV X-2
RLII R2-IV R31 RE-III X-1 RLI R2-II R3-III R8I X-2
RI-III R2-IV R3I RE-IV X-1 50 RLI R2-II R3-III RE-II X-2
RI-IIT R2-IV R3-IT RS-I X-1 RLI R2-IT R3-III RE-IIT X-2
RI-IIT R2-IV R3-IT RS- X-1 RLI R2-IT R3-III RE-IV X-2
RLII R2-IV R3-1I RE-III X-1 RLI R2-III R3-I R8I X-2
RLII R2-IV R3-1I RS-V X-1 RLI R2-III R3-I RE-II X-2
RI-IIT R2-IV R3-III RS-I X-1 RLI R2-IIT R3-1 RE-IIT X-2
RI-IIT R2-IV R3-III RS- X-1 55 RLI R2-IIT R3-1 RE-IV X-2
RLII R2-IV R3-11I RE-III X-1 RLI R2-III R3-II R8I X-2
RLII R2-IV R3-1II RS-V X-1 RLI R2-III R3-II RE-II X-2
RLIV R2I R3I RS-I X-1 RLI R2-IIT R3-IT RE-IIT X-2
RLIV R2I R3I RS- X-1 RLI R2-IIT R3-IT RE-IV X-2
RLIV R2-I R31 RE-III X-1 RLI R2-III R3-III R8I X-2
RLIV R2-I R31 RS-V X-1 RLI R2-III R3-III RE-II X-2
RLIV R2I R3-IT RS-I X-1 60 RLI R2-IIT R3-III RE-IIT X-2
RLIV R2I R3-IT RS- X-1 RLI R2-IIT R3-III RE-IV X-2
RLIV R2-I R3-1I RE-1II X-1 RLI R2-IV R3-I R8I X-2
RLIV R2I R3-IT RE-IV X-1 RLI R2-IV R3-1 RE-IT X-2
RLIV R2I R3-III RS-I X-1 RLI R2-IV R3-1 RE-IIT X-2
RLIV R2I R3-III RS- X-1 RLI R2-IV R3-I RS-V X-2
RLIV R2-I R3-1II RE-1II X-1 65 RLI R2-IV R3-II R8I X-2
RLIV R2I R3-III RS-V X-1 RLI R2-IV R3-IT RS-IT X-2
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TABLE 1-continued

R! R2 R3 RS X

RLI R2-IV R3-IT RE-IIT X-2
RLI R2-IV R3-IT RE-IV X-2
RLI R2-IV R3-III RS-I X-2
RLI R2-IV R3-1II RE-II X-2
RLI R2-IV R3-III RE-IIT X-2
RLI R2-IV R3-III RE-IV X-2
RLII R2-I R31 RE-I X-2
RLII R2-I R31 RE-II X-2
RLII R2I R3I RE-IIT X-2
RLII R2I R3I RE-IV X-2
RLII R2-I R3-1I RE-I X-2
RLII R2-I R3-1I RE-II X-2
RLII R2I R3-IT RE-IIT X-2
RLII R2I R3-IT RE-IV X-2
RLII R2-I R3-11I RE-I X-2
RLII R2-I R3-1II RE-II X-2
RLII R2I R3-III RE-IIT X-2
RLII R2I R3-III RE-IV X-2
RLII R2-II R31 RE-I X-2
RLII R2-II R31 RE-II X-2
RLII R2-IT R3I RE-IIT X-2
RLII R2-IT R3I RE-IV X-2
RLII R2-II R3-1I RE-I X-2
RLII R2-IT R3-IT RS- X-2
RLII R2-IT R3-IT RE-IIT X-2
RLII R2-IT R3-IT RE-IV X-2
RLII R2-II R3-1II RE-I X-2
RLII R2-IT R3-III RS- X-2
RLII R2-IT R3-III RE-IIT X-2
RLII R2-II R3-11I RS- IV X-2
RLII R2-III R31 RE-I X-2
RLII R2-IIT R3I RS- X-2
RLII R2-IIT R3I RE-IIT X-2
RLII R2-III R31 RS- IV X-2
RLII R2-III R3-1I RE-I X-2
RLII R2-IIT R3-IT RS- X-2
RLII R2-IIT R3-IT RE-IIT X-2
RLII R2-III R3-1I RS- IV X-2
RLII R2-III R3-1II RE-I X-2
RLII R2-IIT R3-III RS- X-2
RLII R2-IIT R3-III RE-IIT X-2
RLII R2-III R3-11I RS- IV X-2
RLII R2-IV R31 RE-I X-2
RLII R2-IV R3I RS- X-2
RLII R2-IV R3I RE-IIT X-2
RLII R2-IV R31 RS- IV X-2
RLII R2-IV R3-1I RE-I X-2
RLII R2-IV R3-IT RS- X-2
RLII R2-IV R3-IT RE-IIT X-2
RLII R2-IV R3-1I RS-V X-2
RLII R2-IV R3-III RS-I X-2
RLII R2-IV R3-III RS- X-2
RLII R2-IV R3-III RE-IIT X-2
RLII R2-IV R3-1II RS-V X-2
RI-IIT R2I R3I RS-I X-2
RI-IIT R2I R3I RS- X-2
RLII R2-I R31 RE-III X-2
RLII R2-I R31 RS-V X-2
RI-IIT R2I R3-IT RS-I X-2
RI-IIT R2I R3-IT RS- X-2
RLII R2-I R3-1I RE-III X-2
RLII R2-I R3-1I RS-V X-2
RI-IIT R2I R3-III RS-I X-2
RI-IIT R2I R3-III RS- X-2
RLII R2-I R3-11I RE-III X-2
RLII R2-I R3-1II RS-V X-2
RI-IIT R2-IT R3I RS-I X-2
RI-IIT R2-IT R3I RS- X-2
RLII R2-II R31 RE-III X-2
RLII R2-II R31 RS-V X-2
RI-IIT R2-IT R3-IT RS-I X-2
RI-IIT R2-IT R3-IT RS- X-2
RLII R2-II R3-1I RE-1II X-2
RI-IIT R2-IT R3-IT RE-IV X-2
RI-IIT R2-IT R3-III RS-I X-2
RI-IIT R2-IT R3-III RS- X-2
RLII R2-II R3-1II RE-1II X-2
RI-IIT R2-IT R3-III RS-V X-2
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TABLE 1-continued

R! R2 R3 RS X

RI-IIT R2-IIT R3-I RSI X-2
RLIII R2-III R3-I RE-II X-2
RI-IIT R2-IIT R3-I RS-IIT X-2
RI-IIT R2-IIT R3-I RS-V X-2
RLIII R2-III R3-II R8I X-2
RI-IIT R2-IIT R3-IT RS-IT X-2
RI-IIT R2-IIT R3-IT RS-IIT X-2
RLIII R2-III R3-II RS- IV X-2
RI-IIT R2-IIT R3-III RSI X-2
RI-IIT R2-IIT R3-III RS-IT X-2
RLIII R2-III R3-III RE-1II X-2
RI-IIT R2-IIT R3-III RS-V X-2
RI-IIT R2-IV R3-I RSI X-2
RLIII R2-IV R3-I RE-II X-2
RI-IIT R2-IV R3-I RS-IIT X-2
RI-IIT R2-IV R3-I RS-V X-2
RLIII R2-IV R3-II R8I X-2
RI-IIT R2-IV R3-IT RS-IT X-2
RI-IIT R2-IV R3-IT RS-IIT X-2
RLIII R2-IV R3-II RS- IV X-2
RI-IIT R2-IV R3-III RSI X-2
RI-IIT R2-IV R3-III RS-IT X-2
RLIII R2-IV R3-III RE-1II X-2
RI-IIT R2-IV R3-III RS-V X-2
RLIV R2I R3-I RSI X-2
RLIV R2-I R3-I RE-II X-2
RLIV R2I R3-I RS-IIT X-2
RLIV R2I R3-I RS-V X-2
RLIV R2-I R3-II R8I X-2
RLIV R2I R3-IT RS-IT X-2
RLIV R2I R3-IT RS-IIT X-2
RLIV R2-I R3-II RS- IV X-2
RLIV R2I R3-III RSI X-2
RLIV R2I R3-III RS-IT X-2
RLIV R2-I R3-III RE-1II X-2
RLIV R2I R3-III RS-V X-2
RLIV R2-IT R3-I RSI X-2
RLIV R2-II R3-I RE-II X-2
RLIV R2-IT R3-I RS-IIT X-2
RLIV R2-IT R3-I RS-V X-2
RLIV R2-II R3-II R8I X-2
RLIV R2-IT R3-IT RS-IT X-2
RLIV R2-II R3-II RE-1II X-2
RLIV R2-II R3-II RS- IV X-2
RLIV R2-IT R3-III RSI X-2
RLIV R2-II R3-III RE-II X-2
RLIV R2-II R3-III RE-1II X-2
RLIV R2-IT R3-III RS-V X-2
RLIV R2-III R3-I R8I X-2
RLIV R2-III R3-I RE-II X-2
RLIV R2-IIT R3-I RS-IIT X-2
RLIV R2-III R3-I RS- IV X-2
RLIV R2-III R3-II R8I X-2
RLIV R2-IIT R3-IT RS-IT X-2
RLIV R2-III R3-II RE-1II X-2
RLIV R2-III R3-II RS- IV X-2
RLIV R2-IIT R3-III RSI X-2
RLIV R2-III R3-III RE-II X-2
RLIV R2-III R3-III RE-1II X-2
RLIV R2-IIT R3-III RS-V X-2
RLIV R2-IV R3-I R8I X-2
RLIV R2-IV R3-I RS-IT X-2
RLIV R2-IV R3-I RS-IIT X-2
RLIV R2-IV R3-I RS- IV X-2
RLIV R2-IV R3-IT RSI X-2
RLIV R2-IV R3-IT RS-IT X-2
RLIV R2-IV R3-II RE-1II X-2
RLIV R2-IV R3-IT RS-V X-2
RLIV R2-IV R3-III RSI X-2
RLIV R2-IV R3-III RE-II X-2
RLIV R2-IV R3-III RS-IIT X-2
RLIV R2-IV R3-III RS- IV X-2
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The compounds of the present invention can be produced,
for example, by the following processes.

Process A
R!
R3—7J!
N=
12
R* | / R? a2
X N
-
. \\/
RS OH

Rr!

N="
R* | R?
\k /
RS
3
RS OR:
M

A compound presented by the formula (11) [wherein R*,
R?, R* R3 R® and X are the same as defined above] and a
compound represented by the formula (12)[wherein R? is the
same as defined above, and J' is a chlorine atom, a bromine
atom, an iodine atom, a halosulfonyloxy group (such as a
fluorosulfonyloxy group), a C,-C, haloalkylsulfonyloxy
group (such as a trifluoromethanesulfonyloxy group) or an
arylsulfonyloxy group (such as a benzenesulfonyloxy
group)| may be reacted, if necessary in the presence of a base,
if necessary by using a solvent inert to the reaction, to obtain
a compound of the present invention represented by the for-
mula (1) [wherein R', R?, R?, R*, R>, R® and X are the same
as defined above].

Regarding the amounts of the reactants, from 1 to 50
equivalents of the compound represented by the formula (12)
may be used per 1 equivalent of the compound represented by
the formula (11).

As the solvent, if used, an aromatic hydrocarbon such as
benzene, toluene or xylene, an aliphatic hydrocarbon such as
hexane or heptane, an alicyclic hydrocarbon such as cyclo-
hexane, an aromatic halohydrocarbon such as chlorobenzene
or dichlorobenzene, an aliphatic halohydrocarbon such as
dichloromethane, chloroform, carbon tetrachloride, 1,2-
dichloroethane, 1,1,1-trichloroethane, trichloroethylene or
tetrachloroethylene, an ether such as diethyl ether, 1,2-
dimethoxyethane, tetrahydrofuran or 1,4-dioxane, an ester
such as ethyl acetate or ethyl propionate, an amide such as
dimethylformamide, dimethylacetamide or N-methyl-2-pyr-
rolidone, an amine such as triethylamine, tributylamine or
N,N-dimethylaniline, a pyridine such as pyridine or picoline,
an alcohol such as methanol, ethanol or ethylene glycol,
acetonitrile, dimethyl sulfoxide, sulfolane, 1,3-dimethyl-1-
imidazolidinone, water or the like may, for example, be men-
tioned, though it may be any solvent that does not hinder the
progress of the reaction without any particular restrictions.
These solvents may be used alone or in combinations of two
or more.

As the base, if used, an alkali metal hydride such as sodium
hydride or potassium hydride, an alkali metal hydroxide such
as hydroxide or potassium hydroxide, an alkali metal alkox-
ide such as sodium ethoxide or potassium t-butoxide, an
alkali metal amide such as lithium diidopropylamide, lithium
diisopropylamide, lithium hexamethyldisilazane or sodium
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amide, an organic metal compound such as t-butyllithium, an
alkali metal carbonate such as sodium carbonate, potassium
carbonate or sodium hydrogen carbonate, an organic base
such as triethylamine, tributylamine, N,N-dimethylaniline,
pyridine, 4-(dimethylamino)pyridine or imidazole, 1,8-diaz-
abicyclo[5,4,0]-7-undecene or the like may be used in an
amount of from 1 to 10 equivalents per 1 equivalent of a
compound represented by the formula (11).

The reaction temperature may be set arbitrarily within the
range of from -60° C. to the refluxing temperature of the
reaction mixture, and the reaction time may be set arbitrarily
within the range of from 5 minutes to 100 hours, though it
depends on the concentrations of the reactants and the reac-
tion temperature.

In general, the reaction is preferably carried out by using
from 1 to 10 equivalents of a compound represented by the
formula (12) per 1 equivalent of a compound represented by
the formula (11) in a solvent such as tetrahydrofuran, 1,4-
dioxane, acetonitrile, N,N-dimethylformamide, chloroform,
methylene chloride or toluene, if necessary by using from 1 to
3 equivalents of a base such as sodium hydride, potassium
t-butoxide, potassium hydroxide, potassium carbonate, tri-
ethylamine or pyridine per 1 equivalent of the compound
represented by the formula (11) at 0~100° C. for 10 minutes
to 24 hours.

Process B
0 0
R4
H
X N
RS NH, + R! op —
R’ R?
13) 14)
Rl

N=
R | R?
q( /
RS
25 OH
M

A compound represented by the formula (13) [wherein R*,
R>, R® and X are the same as defined above] and a compound
represented by the formula (14) [wherein R' and R? are the
same as defined above, and J? is an alkyl group such as a
methyl group or an ethyl group] are reacted, if necessary in
the presence of an acid, if necessary by using a solvent inert to
the reaction, by a known method disclosed in the literature
suchas WO 2005/061462 to obtain a compound of the present
invention represented by the formula (1) [wherein R*, R?, R*,
R®, R® and X are the same as defined above].

Regarding the amounts of the reactants, from 1 to 50
equivalents of the compound represented by the formula (13)
may be used per 1 equivalent of the compound represented by
the formula (14).

As the solvent, if used, an aromatic hydrocarbon such as
benzene, toluene or xylene, an aliphatic hydrocarbon such as
hexane or heptane, an alicyclic hydrocarbon such as cyclo-
hexane, an aromatic halohydrocarbon such as chlorobenzene
or dichlorobenzene, an aliphatic halohydrocarbon such as
dichloromethane, chloroform, carbon tetrachloride, 1,2-
dichloroethane, 1,1,1-trichloroethane, trichloroethylene or
tetrachloroethylene, an ether such as diethyl ether, 1,2-
dimethoxyethane, tetrahydrofuran or 1,4-dioxane, an ester
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such as ethyl acetate or ethyl propionate, an amide such as
dimethylformamide, dimethylacetamide or N-methyl-2-pyr-
rolidone, an amine such as triethylamine, tributylamine or
N,N-dimethylaniline, a pyridine such as pyridine or picoline,
an alcohol such as methanol, ethanol or ethylene glycol,
acetonitrile, dimethyl sulfoxide, sulfolane, 1,3-dimethyl-1-
imidazolidinone, water or the like may, for example, be men-
tioned, though it may be any solvent that does not hinder the
progress of the reaction without any particular restrictions.
These solvents may be used alone or in combinations of two
or more.

Asanacid, ifused, a mineral acid such as hydrochloric acid
or sulfuric acid, a carboxylic acid such as formic acid, acetic
acid, trifluoroacetic acid, mandelic acid or tartaric acid, a
sulfonic acid such as methanesulfonic acid, p-toluenesulfonic
acid, benzensulfonic acid, trifluoromethanesulfonic acid or
camphor sulfonic acid, phosphorus oxychloride, Amberlite
1IR-120 (type H) or the like may be used in an amount of from
1 to 10 equivalents per 1 equivalent of a compound repre-
sented by the formula (14).

The reaction temperature may be set arbitrarily within the
range of from -60° C. to the refluxing temperature of the
reaction mixture, and the reaction time may be set arbitrarily
within the range of from 5 minutes to 100 hours, though it
depends on the concentrations of the reactants and the reac-
tion temperature.

In general, the reaction is preferably carried out by using
from 1 to 10 equivalents of a compound represented by the
formula (13) per 1 equivalent of a compound represented by
the formula (14) in a solvent such as ethanol, toluene, tetrahy-
drofuran, 1,4-dioxane, acetonitrile, N,N-dimethylforma-
mide, chloroform or methylene chloride, if necessary by
using from 1 to 3 equivalents of an acid such as acetic acid,
p-toluenesulfonic acid or hydrochloric acid at 0-100° C. for
10 minutes to 24 hours.

Some of the keto esters represented by the formula (15)
used herein are known compounds, and some of them are
commercially available. The rest of them can be readily syn-
thesized from known compounds by known methods dis-
closed in the literature such as JP-A-2002-020366, J. Med.
Chem., 2005, vol. 48, pages 3400.

Process C

(15)

Rl
N—
R* / 0
S/X\‘/N /
R
12
RS om R

w
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: -continued
R
N—
R* /
RS/X\‘/N / I
O
R’ I}
ORIZ
amn
Rl
N—
R* / 0
RS/X\‘/N F
12
RS or OR
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A compound represented by the formula (15) obtainable by
Process A and a compound represented by the formula (17)
[wherein R', R*, R’ R®, R'? and X are the same as defined
above] are reacted, if necessary in the presence of a base, if
necessary by using a solvent inert to the reaction, by a known
method disclosed in the literature such as W02007/142308 to
obtain a compound of the present invention represented by
the formula (16) [wherein R', R*, R>, R®, R'? and X are the
same as defined above].

As the solvent, if used, an aromatic hydrocarbon such as
benzene, toluene or xylene, an aliphatic hydrocarbon such as
hexane or heptane, an alicyclic hydrocarbon such as cyclo-
hexane, an aromatic halohydrocarbon such as chlorobenzene
or dichlorobenzene, an aliphatic halohydrocarbon such as
dichloromethane, chloroform, carbon tetrachloride, 1,2-
dichloroethane, 1,1,1-trichloroethane, trichloroethylene or
tetrachloroethylene, an ether such as diethyl ether, 1,2-
dimethoxyethane, tetrahydrofuran or 1,4-dioxane, an ester
such as ethyl acetate or ethyl propionate, an amide such as
dimethylformamide, dimethylacetamide or N-methyl-2-pyr-
rolidone, an amine such as triethylamine, tributylamine or
N,N-dimethylaniline, a pyridine such as pyridine or picoline,
an alcohol such as methanol, ethanol or ethylene glycol,
acetonitrile, dimethyl sulfoxide, sulfolane, 1,3-dimethyl-1-
imidazolidinone, water or the like may, for example, be men-
tioned, though it may be any solvent that does not hinder the
progress of the reaction without any particular restrictions.
These solvents may be used alone or in combinations of two
or more.

As the base, ifused, an alkali metal hydride such as sodium
hydride or potassium hydride, an alkali metal hydroxide such
as hydroxide or potassium hydroxide, an alkali metal alkox-
ide such as sodium ethoxide or potassium t-butoxide, an
alkali metal amide such as lithium diidopropylamide, lithium
diisopropylamide, lithium hexamethyldisilazane or sodium
amide, an organic metal compound such as t-butyllithium, an
alkali metal carbonate such as sodium carbonate, potassium
carbonate or sodium hydrogen carbonate, an organic base
such as triethylamine, tributylamine, N,N-dimethylaniline,
pyridine, 4-(dimethylamino)pyridine or imidazole, 1,8-diaz-
abicyclo[5,4,0]-7-undecene or the like may be used in an
amount of from 1 to 10 equivalents per 1 equivalent of a
compound represented by the formula (15) or (17).

The reaction temperature may be set arbitrarily within the
range of from -60° C. to the refluxing temperature of the
reaction mixture, and the reaction time may be set arbitrarily
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within the range of from 5 minutes to 100 hours, though it
depends on the concentrations of the reactants and the reac-
tion temperature.

In general, the reaction is preferably carried out by using 1
equivalent of a compound represented by the formula (15) to
(17) in a solvent such as ethanol, toluene, tetrahydrofuran,
1,4-dioxane, acetonitrile, N,N-dimethylformamide, chloro-
form or methylene chloride, if necessary by using from 1 to 3
equivalents of a base such as sodium hydride, potassium
t-butoxide, potassium hydroxide, potassium carbonate, tri-
ethylamine or pyridine per 1 equivalent of the compound
represented by the formula (15) or (17) at 0-100° C. for 10
minutes to 24 hours.

Process D
R!
R2—7*
e
o N “2)
R* | J 3
X N
Ve
. \\/
3
RS OR

Rr!

N=
R* | R?
J( /
RS
3
RS OR:
M

A compound represented by the formula (41) [whereinR",
R?, R* R®, R® and X are the same as defined above, and I is
a chlorine atom, a bromine atom, an iodine atom or the like]
and a compound represented by the formula (42) [wherein R?
is the same as defined above, and J* is dihydroxyborane or the
like] are reacted, if necessary in the presence of a metal
catalyst, if necessary in the presence of a base, if necessary by
using a solvent inert to the reaction, by a known method
disclosed in the literature such as WO 2010/0794432 to
obtain a compound of the present invention represented by
the formula (1) [wherein R', R?,R?, R*, R*, R® and X are the
same as defined above].

Regarding the amounts of the reactants, from 1 to 50
equivalents of the compound represented by the formula (42)
may be used per 1 equivalent of the compound represented by
the formula (41).

As the solvent, if used, an aromatic hydrocarbon such as
benzene, toluene or xylene, an aliphatic hydrocarbon such as
hexane or heptane, an alicyclic hydrocarbon such as cyclo-
hexane, an aromatic halohydrocarbon such as chlorobenzene
or dichlorobenzene, an aliphatic halohydrocarbon such as
dichloromethane, chloroform, carbon tetrachloride, 1,2-
dichloroethane, 1,1,1-trichloroethane, trichloroethylene or
tetrachloroethylene, an ether such as diethyl ether, 1,2-
dimethoxyethane, tetrahydrofuran or 1,4-dioxane, an ester
such as ethyl acetate or ethyl propionate, an amide such as
dimethylformamide, dimethylacetamide or N-methyl-2-pyr-
rolidone, an amine such as triethylamine, tributylamine or
N,N-dimethylaniline, a pyridine such as pyridine or picoline,
an alcohol such as methanol, ethanol or ethylene glycol,
acetonitrile, dimethyl sulfoxide, sulfolane, 1,3-dimethyl-1-
imidazolidinone, water or the like may, for example, be men-
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tioned, though it may be any solvent that does not hinder the
progress of the reaction without any particular restrictions.
These solvents may be used alone or in combinations of two
or more.

As the base, ifused, an alkali metal hydride such as sodium
hydride or potassium hydride, an alkali metal hydroxide such
as hydroxide or potassium hydroxide, an alkali metal alkox-
ide such as sodium ethoxide or potassium t-butoxide, an
alkali metal amide such as lithium diidopropylamide, lithium
diisopropylamide, lithium hexamethyldisilazane or sodium
amide, an organic metal compound such as t-butyllithium, an
alkali metal carbonate such as sodium carbonate, potassium
carbonate or sodium hydrogen carbonate, an organic base
such as triethylamine, tributylamine, N,N-dimethylaniline,
pyridine, 4-(dimethylamino)pyridine or imidazole, 1,8-diaz-
abicyclo[5,4,0]-7-undecene or the like may be used in an
amount of from 1 to 10 equivalents per 1 equivalent of a
compound represented by the formula (41) or (42).

As the metal catalyst, if use, a palladium hydroxide catalyst
such as Pd(OH),, a palladium oxide catalyst such as PdO, a
palladium halide catalyst such as PdBr,, PdCl, or Pdl,, a
palladium acetate catalyst such as palladium acetate (Pd
(OAc),) or palladium trifluoroacetate (Pd(OCOCF,),), a pal-
ladium metal complex catalyst having a ligand such as
Pd(RNC),Cl,, Pd(acac),, diacetate bis(triphenylphosphine)
palladium [Pd(OAc), (PPh,),], Pd(PPh,),, Pd, (dba),,
Pd(NH;),Cl,, Pd(CH;CN),Cl,, dichlorobis(benzonitrile)
palladium [Pd(PhCN),Cl,], Pd(dppe)Cl,, Pd(dppf)Cl,,
Pd[PCy;],Cl,, Pd(PPh,),Cl,, Pd[P(o-tolyl);],Cl,,
Pd(cod),Cl,, Pd(PPh;)(CH;CN),Cl,, Bis(di-tert-butyl(4-
dimethylaminophenyl)phosphine)dichloropalladium(I) or
the like may, for example, be mentioned.

Such a metal catalyst may be used in an amount of from 1
to 10 equivalents per 1 equivalent of a compound represented
by the formula (41) or (42).

Process E
R!
RZ—7J5
N="
43
X N
-
. \{/
3
RS OR
43)
R!
1
R* R?
X\‘/N /
RS
3
RS OR

M

A compound represented by the formula (43) [wherein R*,
R? R* R, R® and X are the same as defined above] and a
compound represented by the formula (44) [wherein R? is the
same as defined above, and J° is a chlorine atom, a bromine
atom, an iodine atom or the like] are reacted, if necessary in
the presence of a base, if necessary by using a solvent inert to
the reaction, by a known method disclosed in the literature
such as Bioorganic & Medicinal Chemistry, 2006, vol. 14, p.
5061 to obtain a compound of the present invention repre-
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sented by the formula (1) [wherein R', R*, R?>,R* R> R®and
X are the same as defined above].

Regarding the amounts of the reactants, from 1 to 50
equivalents of the compound represented by the formula (44)
may be used per 1 equivalent of the compound represented by
the formula (43).

As the solvent, if used, an aromatic hydrocarbon such as
benzene, toluene or xylene, an aliphatic hydrocarbon such as
hexane or heptane, an alicyclic hydrocarbon such as cyclo-
hexane, an aromatic halohydrocarbon such as chlorobenzene
or dichlorobenzene, an aliphatic halohydrocarbon such as
dichloromethane, chloroform, carbon tetrachloride, 1,2-
dichloroethane, 1,1,1-trichloroethane, trichloroethylene or
tetrachloroethylene, an ether such as diethyl ether, 1,2-
dimethoxyethane, tetrahydrofuran or 1,4-dioxane, an ester
such as ethyl acetate or ethyl propionate, an amide such as
dimethylformamide, dimethylacetamide or N-methyl-2-pyr-
rolidone, an amine such as triethylamine, tributylamine or
N,N-dimethylaniline, a pyridine such as pyridine or picoline,
an alcohol such as methanol, ethanol or ethylene glycol,
acetonitrile, dimethyl sulfoxide, sulfolane, 1,3-dimethyl-1-
imidazolidinone, water or the like may, for example, be men-
tioned, though it may be any solvent that does not hinder the
progress of the reaction without any particular restrictions.
These solvents may be used alone or in combinations of two
or more.

As the base, if used, an alkali metal hydride such as sodium
hydride or potassium hydride, an alkali metal hydroxide such
as hydroxide, potassium hydroxide or calcium hydroxide, an
alkali metal alkoxide such as sodium ethoxide or potassium
t-butoxide, an alkali metal amide such as lithium diidopropy-
lamide, lithium diisopropylamide, lithium hexamethyldisila-
zane or sodium amide, an organic metal compound such as
t-butyllithium, an alkali metal carbonate such as sodium car-
bonate, potassium carbonate or sodium hydrogen carbonate,
an organic base such as triethylamine, tributylamine, N,N-
dimethylaniline, pyridine, 4-(dimethylamino)pyridine or
imidazole, 1,8-diazabicyclo[5,4,0]-7-undecene or the like
may be used in an amount of from 1 to 10 equivalents per 1
equivalent of a compound represented by the formula (43) or
(44).

Process F
R! R!

NF== NF==

Rt | Rt | 3
X N / X N /
rs” rs”
3 3

RS OR RS OR

(45) M

A compound represented by the formula (45) [wherein R*,
R? R* R>, R® and X are i& the same as defined above] is
reacted, if necessary by using a solvent inert to the reaction,
by a known method disclosed in the literature such as Bioor-
ganic & Medicinal Chemistry, 2006, vol. 14, p. 5061 to obtain
a compound of the present invention represented by the for-
mula (1) [wherein R', R?, R* R® R® and X are the same as
defined above, and I is a chlorine atom, a bromine atom, an
iodine atom or the like].

As the halogenation reagent, N-bromosuccinimide,
N-chlorosuccinimide, chlorine, bromine, potassium iodide,
sodium iodide or the like may be used.
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Regarding the amounts of the reactants, from 1 to 50
equivalents of a halogenations reagent may be used per 1
equivalent of a compound represented by the formula (45).

As the solvent, if used, an aromatic hydrocarbon such as
benzene, toluene or xylene, an aliphatic hydrocarbon such as
hexane or heptane, an alicyclic hydrocarbon such as cyclo-
hexane, an aromatic halohydrocarbon such as chlorobenzene
or dichlorobenzene, an aliphatic halohydrocarbon such as
dichloromethane, chloroform, carbon tetrachloride, 1,2-
dichloroethane, 1,1,1-trichloroethane, trichloroethylene or
tetrachloroethylene, an ether such as diethyl ether, 1,2-
dimethoxyethane, tetrahydrofuran or 1,4-dioxane, an ester
such as ethyl acetate or ethyl propionate, an amide such as
dimethylformamide, dimethylacetamide or N-methyl-2-pyr-
rolidone, an amine such as triethylamine, tributylamine or
N,N-dimethylaniline, a pyridine such as pyridine or picoline,
an alcohol such as methanol, ethanol or ethylene glycol,
acetonitrile, dimethyl sulfoxide, sulfolane, 1,3-dimethyl-1-
imidazolidinone, water or the like may, for example, be men-
tioned, though it may be any solvent that does not hinder the
progress of the reaction without any particular restrictions.

The reaction temperature may be set arbitrarily within the
range of from -60° C. to the refluxing temperature of the
reaction mixture, and the reaction time may be set arbitrarily
within the range of from 5 minutes to 100 hours, though it
depends on the concentrations of the reactants and the reac-
tion temperature.

Process G
R! Py
o R \NHZ
17
R
RS OR?
(46)
Rl R13
N N—O
R /
x| NS ,
RS R
3
25 OR
“49)
A compound represented by the formula (46) [wherein R*,

R? R* R>,R® R'?and X are the same as defined above] and
a compound represented by the formula (47) are reacted, if
necessary in the presence of a base, if necessary by using a
solvent inert to the reaction, by a known method disclosed in
the literature such as European Journal of Organic Chemistry,
2003, vol. 7, p. 1209 and Organic Letters, 2008, vol. 10, p.
1695 to obtain a compound of the present invention repre-
sented by the formula (48) [wherein R', R?>, R* R?, R® R'?,
R' and X are the same as defined abovel].

Regarding the amounts of the reactants, from 1 to 50
equivalents of the compound represented by the formula (47)
may be used per 1 equivalent of the compound represented by
the formula (46).

As the solvent, if used, an aromatic hydrocarbon such as
benzene, toluene or xylene, an aliphatic hydrocarbon such as
hexane or heptane, an alicyclic hydrocarbon such as cyclo-
hexane, an aromatic halohydrocarbon such as chlorobenzene
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or dichlorobenzene, an aliphatic halohydrocarbon such as
dichloromethane, chloroform, carbon tetrachloride, 1,2-
dichloroethane, 1,1,1-trichloroethane, trichloroethylene or
tetrachloroethylene, an ether such as diethyl ether, 1,2-
dimethoxyethane, tetrahydrofuran or 1,4-dioxane, an ester
such as ethyl acetate or ethyl propionate, an amide such as
dimethylformamide, dimethylacetamide or N-methyl-2-pyr-
rolidone, an amine such as triethylamine, tributylamine or
N,N-dimethylaniline, a pyridine such as pyridine or picoline,
an alcohol such as methanol, ethanol or ethylene glycol,
acetonitrile, dimethyl sulfoxide, sulfolane, 1,3-dimethyl-1-
imidazolidinone, water or the like may, for example, be men-
tioned, though it may be any solvent that does not hinder the
progress of the reaction without any particular restrictions.

As the base, if used, an alkali metal hydride such as sodium
hydride or potassium hydride, an alkali metal hydroxide such
as hydroxide, potassium hydroxide, calcium hydroxide or
sodium acetate, an alkali metal alkoxide such as sodium
ethoxide or potassium t-butoxide, an alkali metal amide such
as lithium diidopropylamide, lithium diisopropylamide,
lithium hexamethyldisilazane or sodium amide, an organic
metal compound such as t-butyllithium, an alkali metal car-
bonate such as sodium carbonate, potassium carbonate or
sodium hydrogen carbonate, an organic base such as triethy-
lamine, tributylamine, N,N-dimethylaniline, pyridine,
4-(dimethylamino)pyridine or imidazole, 1,8-diazabicyclo
[5,4,0]-7-undecene or the like may be used in an amount of
from 1 to 10 equivalents per 1 equivalent of a compound
represented by the formula (46) or (47).

The reaction temperature may be set arbitrarily within the
range of from -60° C. to the refluxing temperature of the
reaction mixture, and the reaction time may be set arbitrarily
within the range of from 5 minutes to 100 hours, though it
depends on the concentrations of the reactants and the reac-
tion temperature.

In general, the reaction is preferably carried out by using 1
equivalent of a compound represented by the formula (46)
and a compound represented by the formula (47) in a solvent
such as ethanol, toluene, tetrahydrofuran, 1,4-dioxane, aceto-
nitrile, N, N-dimethylformamide, chloroform or methylene
chloride, if necessary by using from 1 to 3 equivalents of a
base such as sodium hydride, potassium t-butoxide, potas-
sium hydroxide, potassium carbonate, sodium acetate, tri-
ethylamine or pyrimidine per 1 equivalent of the compound
represented by the formula (46) or (47) at 0~100° C. for 10
minutes to 24 hours.

Some of the amine compounds represented by the formula
(47) used herein are known compounds, and some of them are
commercially available. The rest of them can be readily syn-
thesized from known compounds by known methods dis-
closed in the literature such as J. Am. Chem. Soc, 2011, vol.
133, p. 8704.

In Processes A, B, C, D, F and G, the reaction mixture
obtained after the reaction is worked up by ordinary opera-
tions such as direct concentration, dissolution in an organic
solvent followed by washing with water and concentration, or
addition to ice-cold water followed by extraction with an
organic solvent and concentration to obtain a compound of
the present invention as intended. If purification is needed, it
may be isolated or purified by a certain method such as
recrystallization, column chromatography, thin layer chro-
matography and liquid chromatography.

The compound represented by the formula (13) used in
Process B can be synthesized, for example, as follows.
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Reaction Scheme 1

R* 2 Boc
RS/X\‘/NHZ 00
RS
(19)
X ¥ N X ¥ N
re” \\/ NH Boe —» R87 \\/ SN,
R’ R’

2n (13)

A known substituted amine represented by the formula
(19) [wherein R*, R, R® and X are the same as defined above]
and a compound represented by the formula (20) [wherein k*
and k* are hydrogen atoms, trichloromethyl groups, cyclo-
hexyl groups, phenyl groups, p-cyanophenyl groups, ethoxy-
carbonyl groups or the like, and Boc is a t-butoxycarbonyl
group are reacted, if necessary by using a solvent inert to the
reaction, by a known method disclosed in the literature such
as Tetrahedron Lett., 1989, vol. 39, p. 6845 to obtain a com-
pound represented by the formula (13) [wherein R*, R>, R®
and X are the same as defined above].

As the solvent, if used, an aromatic hydrocarbon such as
benzene, toluene or xylene, an aliphatic hydrocarbon such as
hexane or heptane, an alicyclic hydrocarbon such as cyclo-
hexane, an aromatic halohydrocarbon such as chlorobenzene
or dichlorobenzene, an aliphatic halohydrocarbon such as
dichloromethane, chloroform, carbon tetrachloride, 1,2-
dichloroethane, 1,1,1-trichloroethane, trichloroethylene or
tetrachloroethylene, an ether such as diethyl ether, 1,2-
dimethoxyethane, tetrahydrofuran or 1,4-dioxane, an ester
such as ethyl acetate or ethyl propionate, an amide such as
dimethylformamide, dimethylacetamide or N-methyl-2-pyr-
rolidone, an amine such as triethylamine, tributylamine or
N,N-dimethylaniline, a pyridine such as pyridine or picoline,
an alcohol such as methanol, ethanol or ethylene glycol,
acetonitrile, dimethyl sulfoxide, sulfolane, 1,3-dimethyl-1-
imidazolidinone, water or the like may, for example, be men-
tioned, though it may be any solvent that does not hinder the
progress of the reaction without any particular restrictions.
These solvents may be used alone or in combinations of two
or more.

Some of the compounds represented by the formula (19)
used herein are known compounds, and some of them are
commercially available. The rest of them can be readily syn-
thesized from known compounds by known methods dis-
closed in the literature such as Journal of Medicinal Chemis-
try, 2009, vol. 52, p. 3982, Chem. Commun., 2001, p. 1792,
and Synthesis 2000, vol. 12, p. 1709.

The compound represented by the formula (20) used herein
can be synthesized readily from a known compound in accor-
dance with Journal of Medicinal Chemistry, 2009, vol. 52, p.
1471 [52(5), 1471-1476; 2009] or WO2008/073987.

The compound represented by the formula (13) used in
Process B can be synthesized in accordance with J. Chem.
Soc., Chem. Commun., 1986, p. 176, orJ. Chem. Soc., Chem.
Commun., 1983, p. 1040, for example, as follows.
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Reaction Scheme 2
)OI\ Ph  Ph
—MgB
t-Bu opr ATMEBr_ o p, OH —»
22) 23)
R* R’
Ph  Ph Ph  Ph 0
N 26
t-Bu o N p 1|\1H (26)
(24) NI,
(25)
Ph  Ph
X
RS
tBu NH
I @8)
~"
R4
27
Ph  Ph
tBu I|\|I —_—
N R®
K
X/
R4
(29)
Ph
NH,
pr” SN — HIL RS
| RS
HN R’ <~
RE 4
R
KX/
R* (13)
(30)

An ethyl pivalate represented by the formula (22) and a
phenyl Grignard reagent by the formula are reacted, if nec-
essary by using a solvent inert to the reaction, the resulting
alcohol compound represented by the formula (23) is halo-
genated, and the resulting halide compound represented by
the formula (24) is reacted with hydrazine to obtain a hydra-
zine compound represented by the formula (25).

The resulting hydrazine compound represented by the for-
mula (25) is reacted with a carbonyl compound represented
by the formula (26), if necessary by using a solvent inert to the
reaction, the resulting hydrazine compound represented by
the formula (27) is reacted with a halide compound repre-
sented by the formula (28), if necessary in the presence of a
base, if necessary by using a solvent inert to the reaction, and
the resulting hydrazine compound represented by the formula
(29) is reacted in the presence of an acid, if necessary by using
a solvent inert to the reaction to obtain a hydrazine compound
represented by the formula (30).

The resulting hydrazine compound represented by the for-
mula (30) is reacted in the presence of an acid, if necessary by
using a solvent inert to the reaction to obtain a hydrazine
compound represented by the formula (13).

As the solvent, if used, an aromatic hydrocarbon such as
benzene, toluene or xylene, an aliphatic hydrocarbon such as
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hexane or heptane, an alicyclic hydrocarbon such as cyclo-
hexane, an aromatic halohydrocarbon such as chlorobenzene
or dichlorobenzene, an aliphatic halohydrocarbon such as
dichloromethane, chloroform, carbon tetrachloride, 1,2-
dichloroethane, 1,1,1-trichloroethane, trichloroethylene or
tetrachloroethylene, an ether such as diethyl ether, 1,2-
dimethoxyethane, tetrahydrofuran or 1,4-dioxane, an ester
such as ethyl acetate or ethyl propionate, an amide such as
dimethylformamide, dimethylacetamide or N-methyl-2-pyr-
rolidone, an amine such as triethylamine, tributylamine or
N,N-dimethylaniline, a pyridine such as pyridine or picoline,
an alcohol such as methanol, ethanol or ethylene glycol,
acetonitrile, dimethyl sulfoxide, sulfolane, 1,3-dimethyl-1-
imidazolidinone, water or the like may, for example, be men-
tioned, though it may be any solvent that does not hinder the
progress of the reaction without any particular restrictions.
These solvents may be used alone or in combinations of two
or more.

As the base, ifused, an alkali metal hydride such as sodium
hydride or potassium hydride, an alkali metal hydroxide such
as hydroxide or potassium hydroxide, an alkali metal alkox-
ide such as sodium ethoxide or potassium t-butoxide, an
alkali metal amide such as lithium diidopropylamide, lithium
diisopropylamide, lithium hexamethyldisilazane or sodium
amide, an organic metal compound such as t-butyllithium, an
alkali metal carbonate such as sodium carbonate, potassium
carbonate or sodium hydrogen carbonate, an organic base
such as triethylamine, tributylamine, N,N-dimethylaniline,
pyridine, 4-(dimethylamino)pyridine or imidazole, 1,8-diaz-
abicyclo[5,4,0]-7-undecene or the like may be used in an
amount of from 1 to 10 equivalents per 1 equivalent of a
compound represented by the formula (27).

As the acid, if used, a mineral acid such as hydrochloric
acid or sulfuric acid, a carboxylic acid such as formic acid,
acetic acid, trifluoroacetic acid, mandelic acid or tartaric acid,
a sulfonic acid such as methanesulfonic acid, p-toluene-
sulfonic acid, benzensulfonic acid, trifluoromethanesulfonic
acid or camphor sulfonic acid, phosphorus oxychloride,
Amberlite IR-120 (type H) or the like may be used in an
amount of from 1 to 10 equivalents per 1 equivalent of a
compound represented by the formula (29) or (30).

The reaction temperature may be set arbitrarily within the
range of from -60° C. to the refluxing temperature of the
reaction mixture, and the reaction time may be set arbitrarily
within the range of from 5 minutes to 100 hours, though it
depends on the concentrations of the reactants and the reac-
tion temperature.

Some of the compounds represented by the formula (22)
used herein are known compounds, and some of them are
commercially available. The rest of them can be readily syn-
thesized by ordinary methods for synthesis of ester com-
pounds disclosed in the literature.

Some of the compounds represented by the formula (26)
used herein are known compounds, and some of them are
commercially available. The rest of them can be readily syn-
thesized by ordinary methods for synthesis of carbonyl com-
pounds disclosed in the literature.

Some of the compounds represented by the formula (28)
used herein are known compounds, and some of them are
commercially available. The rest of them can be readily syn-
thesized by ordinary methods for synthesis of halide com-
pounds disclosed in the literature.

The compound represented by the formula (12) used in
Process B can be synthesized in accordance with J. Am.
Chem. Soc., 1958, vol. 80, p. 6562, for example, as follows.



US 9,212,348 B2

Reaction Scheme 3
RY R’
h »
R*
0 R MgBr

NH, 26) BT T 32
NH; 4

N A R

G

RS

25 (13)

(33)

Hydrazine and a carbonyl compound represented by the
formula (26) are reacted, if necessary by using a solvent inert
to the reaction, and the resulting hydrazine compound repre-
sented by the formula (31) is reacted with a Grignard reagent
represented by the formula (32) to obtain a hydrazine com-
pound represented by the formula (33).

The resulting hydrazine compound represented by the for-
mula (33) is reacted in the presence of an acid, if necessary by
using a solvent inert to the reaction to obtain a hydrazine
compound represented by the formula (13).

Some of the compounds represented by the formula (26)
used herein are known compounds, and some of them are
commercially available. The rest of them can be readily syn-
thesized by ordinary methods for synthesis of carbonyl com-
pounds disclosed in the literature.

Some of the compounds represented by the formula (32)
used herein are known compounds, and some of them are
commercially available. The rest of them can be readily syn-
thesized by ordinary methods for synthesis of Grignard
reagents disclosed in the literature.

In each of these reactions, the reaction mixture is worked
up by ordinary operations to obtain each intermediate used as
a starting compound.

Each intermediate produced in these processes can be used
for the reaction in the next step without isolation or purifica-
tion.

As specific compounds of the present invention, for
example, those shown in Tables 2 to 15 may be mentioned.
However, the compounds merely exemplify the present
invention, and the present invention is by no means restricted
thereto.

In the Tables, Et denotes ethyl group, and similarly, n-Pr
and Pr-n denote normal propyl group, i-Pr and Pr-1 denote
isopropyl group, c-Pr and Pr-c denote cyclopropyl group,
n-Bu and Bu-n denote normal butyl group, s-Bu and Bu-s
denote secondary butyl group, i-Bu and Bu-I denote isobutyl
group, t-Bu and Bu-t denote t-butyl group, c¢-Bu and Bu-c
denote cyclobutyl group, n-Pen and Pen-n denote normal
pentyl group, c-Pen and Pen-c denote cyclopentyl group,
n-Hex and Hex-n denote normal hexyl group, c-Hex and
Hex-c denote cyclohexyl group, and Ph denotes phenyl

group.

10

15

20

25

30

35

40

45

50

55

60

65

62
The aromatic heterocyclic rings represented by A001 to
A044 in the Tables have the following structures, respec-
tively.
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-continued -continued
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(Z)'"s_ Jz A068 in the Tables have the following structures, respec-
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The partially saturated heterocyclic rings represented by ¢s
A101 to A107 in the Tables have the following structures,

respectively.
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TABLE 2 TABLE 2-continued

The locants for the substituents R?! and R®! in the Table correspond to the
positions indicated in the following structural formulae.
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TABLE 2-continued

R7

asjanias

4F
2-Cl

asjanias

asjanias

asjanias



75

US 9,212,348 B2

TABLE 2-continued

76

TABLE 2-continued
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CH,

w
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2-Cl
2-Cl
2-Cl
2-Cl
3-Cl
3-Cl
3-Cl
3-Cl
3-Cl
3-Cl
3-Cl
4-Cl
4-Cl
4-Cl
4-Cl
4-Cl
4-Cl
4-Cl
4-Cl
4-Cl
4-Cl
4-Cl
4-Cl

4-C(O)CF,
4-C(O)Ph
4-C(0)OCH,
2-C(O)OEt
3-C(O)OEt
4-C(O)OEt
4-C(0)OPh
4-C(0)OCH,Ph
4-C(O)OCH(CH,)Ph
4-C(0)OC,H,Ph
4-SCH,
4-S(O)CH,
4-S(0),CH,
4-SPh
4-S(0)Ph
4-S(0),Ph
4-08(0),CH,
4-0S(0),Ph
4-N(CH,),
4-N(CH,Ph),
4-N(CH;)(CH,Ph)
4-NHCH,
4-NH(CH,Ph)
4-C(O)N(CH,),
4-C(O)N(CH,Ph),
4-C(O)N(CH5)(CH,Ph)
4-C(O)NHCH,
4-C(O)NH(CH,Ph)

4-C(O)NH(CH(CH,)Ph)

4-C(O)NH(C,H,Ph)
4-C(S)NH,
4-5(0),N(CHs),
4-S(0),N(CH,Ph),

4-S(0O),N(CH;)(CH,Ph)

4-S(0),NHCH,
4-S(0),NHPh
4-S(0),NH(CH,Ph)

4-S(0),NH{CH(CH,)Ph}

4-5(0),NH(C,H,Ph)
4-Ph
4-Ph
4-Ph
4-Ph
4-Ph
4-Ph
4-Ph
4-Ph
H
4-Cl
4-Br
4-CH,
4-t-Bu
4-n-Hex
4-Ph
H
4-Cl
4-Br
4-CH;
4-t-Bu
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TABLE 2-continued TABLE 2-continued
4-Br H H H H 4-n-Hex H H H H
4-Br 4-Cl H H H 4-n-Hex H CH;, H H
4-Br 4-Br H H H 4-n-Hex H CH,Ph H H
4-Br 4-CH; H H H 5 4-n-Hex H C(O)Ph H H
4-Br 4-t-Bu H H H 4-n-Hex H C(O)OEt H H
4-Br 4-n-Hex H H H 4-n-Hex H H H CH;
4-Br 4-Ph H H H 4-n-Hex H CH;, H CH;
3,4-Cl, H H H H 4-n-Hex H H CH; CH,
3,4-Cl, 4-Cl H H H 4-n-Hex 4-F H H H
3,4-Cl, 4-Br H H H 10 4-n-Hex 2-Cl H H H
3,4-Cl, 4-CH; H H H 4-n-Hex 3-Cl H H H
3,4-Cl, 4-t-Bu H H H 4-n-Hex 4-Cl H H H
3,4-Cl, 4-n-Hex H H H 4-n-Hex 4-Cl CH;, H H
3,4-Cl, 4-Ph H H H 4-n-Hex 4-Cl CH,Ph H H
4-NO, H H H H 4-n-Hex 4-Cl C(O)Ph H H
4-NO, 4-Cl H H H 15 4-n-Hex 4-Cl C(O)OEt H H
4-NO, 4-Br H H H 4-n-Hex 4-Cl H H CH;
4-NO, 4-CH; H H H 4-n-Hex 4-Cl CH;, H CH;
4-NO, 4-t-Bu H H H 4-n-Hex 4-Cl H CH; CH,
4-NO, 4-n-Hex H H H 4-n-Hex 4-Br H H H
4-NO, 4-Ph H H H 4-n-Hex 4-1 H H H
4-CN H H H H 4-n-Hex 2,4-Cl, H H H
4-CN 4-Cl H H ® 2 4-n-Hex 3.4-Cl, H H H
4-CN 4-Br H H H 4-n-Hex 4-NO, H H H
4-CN 4-CH; H H H 4-n-Hex 4-CN H H H
4-CN 4-t-Bu H H H 4-n-Hex 2-CH, H H H
4-CN 4-n-Hex H H H 4-n-Hex 3-CH, H H H
4-CN 4-Ph H H H 4-n-Hex 4-CH, H H H
2-CH,3 H H H H 25 4-n-Hex 4-CH, CH;, H H
2-CH,3 4-Cl H H H 4-n-Hex 4-CH, CH,Ph H H
2-CH,3 4-Br H H H 4-n-Hex 4-CH, C(O)Ph H H
2-CH,3 4-CH; H H H 4-n-Hex 4-CH, C(O)OEt H H
2-CH,3 4-t-Bu H H H 4-n-Hex 4-CH, H H CH;
2-CH,3 4-n-Hex H H H 4-n-Hex 4-CH, CH;, H CH;
2-CH, 4-Ph H H H 30 4-n-Hex 4-CH, H CH; CH,
3-CH,3 H H H H 4-n-Hex 4-Et H H H
3-CH,3 4-Cl H H H 4-n-Hex 4-n-Pr H H H
3-CH; 4-Br H H H 4-n-Hex 4-c-Pr H H H
3-CH,3 4-CH, H H H 4-n-Hex 4-i-Pr H H H
3-CH; 4-t-Bu H H H 4-n-Hex 4-n-Bu H H H
3-CH; 4-n-Hex H H H 15 4-n-Hex 4-c-Bu H H H
3-CH,3 4-Ph H H H 4-n-Hex 4-i-Bu H H H
4-CH, H H H H 4-n-Hex 4-t-Bu H H H
4-CH; 4-Cl H H H 4-n-Hex 4-t-Bu CH;, H H
4-CH; 4-Br H H H 4-n-Hex 4-t-Bu CH,Ph H H
4-CH; 4-CH; H H H 4-n-Hex 4-t-Bu C(O)Ph H H
4-CH, 4-t-Bu H H H 4-n-Hex 4-t-Bu C(O)OEt H H
4-CH, 4-t-Bu CH, H H % 4-n-Hex 4-t-Bu H H CH,
4-CH;3 4-n-Hex H H H 4-n-Hex 4-t-Bu CH; H CH;
4-CH; 4-n-Hex CH;, H H 4-n-Hex 4-t-Bu H CH; CH,
4-CH; 4-n-Hex H H CH; 4-n-Hex 4-n-Pen H H H
4-CH;3 4-n-Hex H CH; CH; 4-n-Hex 4-c-Pen H H H
4-CH;3 4-Ph H H H 4-n-Hex 4-n-Hex H H H
4-CH; 4-Ph CH;, H H 45 4-n-Hex 4-n-Hex CH;, H H
4-c-Pr H H H H 4-n-Hex 4-n-Hex CH,Ph H H
4-c-Pr 4-Cl H H H 4-n-Hex 4-n-Hex C(O)Ph H H
4-c-Pr 4-Br H H H 4-n-Hex 4-n-Hex C(O)OEt H H
4-c-Pr 4-CH;3 H H H 4-n-Hex 4-n-Hex H H CH;
4-c-Pr 4-t-Bu H H H 4-n-Hex 4-n-Hex CH; H CH;
4-c-Pr 4-n-Hex H H H 50 4-n-Hex 4-n-Hex H CH; CH;
4-c-Pr 4-Ph H H H 4-n-Hex 4-c-Hex H H H
4-i-Pr H H H H 4-n-Hex 4-n-C,H 5 H H H
4-i-Pr 4-Cl H H H 4-n-Hex 4-n-CgH |, H H H
4-i-Pr 4-Br H H H 4-n-Hex 4-n-CoH o H H H
4-i-Pr 4-CH; H H H 4-n-Hex 4-n-CoHy, H H H
4-i-Pr 4-t-Bu H H H 355 4-n-Hex 2,4-(CH;) H H H
4-i-Pr 4-n-Hex H H H 4-n-Hex 3,4-(CH;), H H H
4-i-Pr 4-Ph H H H 4-n-Hex 4-CF, H H H
4-t-Bu H H H H 4-n-Hex 4-OH H H H
4-t-Bu 4-Cl H H H 4-n-Hex 2-OCH,4 H H H
4-t-Bu 4-Br H H H 4-n-Hex 3-OCH; H H H
4-t-Bu 4-CH; H H H 4-n-Hex 4-OCH, H H H
4-t-Bu 4-t-Bu H H wu o0 4-n-Hex 4-O-n-Hex H H H
4-t-Bu 4-t-Bu CH; H H 4-n-Hex 4-O-c-Hex H H H
4-t-Bu 4-n-Hex H H H 4-n-Hex 2,4-(OCHj3), H H H
4-t-Bu 4-n-Hex CH;, H H 4-n-Hex 3,4-(OCHj;), H H H
4-t-Bu 4-n-Hex H H CH; 4-n-Hex 4-OCH,OCH;3 H H H
4-t-Bu 4-n-Hex H CH; CH, 4-n-Hex 4-OC,H,OEt H H H
4-t-Bu 4-Ph H H H 65 4-n-Hex 4-OCF4 H H H
4-t-Bu 4-Ph CH;, H H 4-n-Hex 4-OPh H H H
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TABLE 2-continued TABLE 2-continued
4-n-Hex 4-OCH,Ph H H H 2,4-(t-Bu), 4-t-Bu H H H
4-n-Hex 4-C(CH3)=NCHj,4 H H H 2,4-(t-Bu), 4-n-Hex H H H
4-n-Hex 4-C(CH,)=NPh H H H 2,4-(t-Bu), 4-Ph H H H
4-n-Hex 4-C(Ph)=NCHj, H H H 35 4-CF, H H H H
4-n-Hex 4-C(Ph)=NPh H H H 4-CF, 4-Cl H H H
4-n-Hex 4-C(CH3)=NOCH, H H H 4-CF, 4-Br H H H
4-n-Hex 4-C(CH3)=NOPh H H H 4-CF, 4-CH, H H H
4-n-Hex 4-C(Ph)=NOCH, H H H 4-CF, 4-t-Bu H H H
4-n-Hex 4-C(Ph)=NOPh H H H 4-CF, 4-n-Hex H H H
4-n-Hex 4-C(O)CH; H H H 10 4-CF, 4-Ph H H H
4-n-Hex 4-C(O)CF, H H H 4-OH H H H H
4-n-Hex 4-C(O)Ph H H H 4-OH 4-Cl H H H
4-n-Hex 4-C(O)OCH,4 H H H 4-OH 4-Br H H H
4-n-Hex 2-C(O)OFEt H H H 4-OH 4-CH, H H H
4-n-Hex 3-C(O)OFEt H H H 4-OH 4-t-Bu H H H
4-n-Hex 4-C(O)OEt H H H g 4-OH 4-n-Hex H H H
4-n-Hex 4-C(O)OPh H H H 4-OH 4-Ph H H H
4-n-Hex 4-C(0)OCH,Ph H H H 4-OCH, H H H H
4-n-Hex 4-C(O)OCH(CH;)Ph H H H 4-OCH, 4-Cl H H H
4-n-Hex 4-C(0)OC,H,Ph H H H 4-OCH, 4-Br H H H
4-n-Hex 4-SCH4 H H H 4-OCH, 4-CH, H H H
4-n-Hex 4-S(O)CH,4 H H H 4-OCH, 4-t-Bu H H H
4-n-Hex 4 8(0),CH, H H H 20 4-OCH, 4-n-Hex H H H
4-n-Hex 4-SPh H H H 4-OCH, 4-Ph H H H
4-n-Hex 4-S(O)Ph H H H 4-0—i-Pr H H H H
4-n-Hex 4-5(0),Ph H H H 4-0—i-Pr 4-Cl H H H
4-n-Hex 40S(0),CH, H H H 4-0—i-Pr 4-Br H H H
4-n-Hex 4-0S(0),Ph H H H 4-0—i-Pr 4-CH, H H H
4-n-Hex 4-N(CHs), H H H 25 4-0—i-Pr 4-t-Bu H H H
4-n-Hex 4-N(CH,Ph), H H H 4-0—i-Pr 4-n-Hex H H H
4-n-Hex 4-N(CH;)(CH,Ph) H H H 4-0—i-Pr 4-Ph H H H
4-n-Hex 4-NHCH,4 H H H 4-O—n-Hex H H H H
4-n-Hex 4-NH(CH,Ph) H H H 4-O—n-Hex 4-Cl H H H
4-n-Hex 4-C(O)N(CHs), H H H 4-O—n-Hex 4-Br H H H
4-n-Hex 4-C(O)N(CH,Ph), H H H 30 4O—n-Hex 4-CH, H H H
4-n-Hex 4-C(O)N(CH;)(CH,Ph) H H H 4-O—n-Hex 4-t-Bu H H H
4-n-Hex 4-C(O)NHCH; H H H 4-O—n-Hex 4-n-Hex H H H
4-n-Hex 4-C(O)NH(CH,Ph) H H H 4-O—n-Hex 4-Ph H H H
4-n-Hex 4-C(O)NH{CH(CH,)Ph} H H H 3,4-(OCH,), H H H H
4-n-Hex 4-C(O)NH(C,H,Ph) H H H 3,4-(OCHs), 4-Cl H H H
4-n-Hex 4-C(S)NH, H H H 45 3,4-(OCHj), 4-Br H H H
4-n-Hex 4-S(0),N(CH;), H H H 3,4-(OCHs), 4-CH, H H H
4-n-Hex 4-5(0),N(CH,Ph), H H H 3,4-(OCHs), 4-t-Bu H H H
4-n-Hex 4-S(0),N(CH3)(CH,Ph) H H H 3,4-(OCHs), 4-n-Hex H H H
4-n-Hex 4-S(0),NHCH,4 H H H 3,4-(OCHs), 4-Ph H H H
4-n-Hex 4-5(0),NHPh H H H 4-OC,H,OFt H H H H
4-n-Hex 4-S(0),NH(CH,Ph) H H H 4-OC,H,OFt 4-Cl H H H
4-n-Hex 4-S(0),NH{CH(CH;)Ph} H H H 4 40CH,0E 4-Br H H H
4-n-Hex 4-S(0),NH(C5H,Ph) H H H 4-OC,H,OFt 4-CH, H H H
4-n-Hex 4-Ph H H H 4-OC,H,OFt 4-t-Bu H H H
4-n-Hex 4-Ph CH, H H 4-OC,H,OFt 4-n-Hex H H H
4-n-Hex 4-Ph CH,Ph H H 4-OC,H,OFt 4-Ph H H H
4-n-Hex 4-Ph C(OPh  H H 4-OPh H H H H
4-n-Hex 4-Ph C(O)OEt H H 45 4-OPh 4-Cl H H H
4-n-Hex 4-Ph H H CH, 4-OPh 4-Br H H H
4-n-Hex 4-Ph CH, H CH, 4-OPh 4-CH, H H H
4-n-Hex 4-Ph H CH; CH, 4-OPh 4-t-Bu H H H
4-c-Hex H H H H 4-OPh 4-n-Hex H H H
4-c-Hex 4-Cl H H H 4-OPh 4-Ph H H H
4-c-Hex 4-Br H H H 50  4OCH,Ph H H H H
4-c-Hex 4-CH,4 H H H 4-OCH,Ph 4-Cl H H H
4-c-Hex 4-t-Bu H H H 4-OCH,Ph 4-Br H H H
4-c-Hex 4-tBu CH, H H 4-OCH,Ph 4-CH, H H H
4-c-Hex 4-n-Hex H H H 4-OCH,Ph 4-t-Bu H H H
4-c-Hex 4-n-Hex CH, H H 4-OCH,Ph 4-n-Hex H H H
4-c-Hex 4-n-Hex H H CH; 55 4-OCH,Ph 4-Ph H H H
4-c-Hex 4-n-Hex H CH; CH; 4-Ph H H H H
4-c-Hex 4-Ph H H H 4-Ph 4-Cl H H H
4-c-Hex 4-Ph CH, H H APh 4B q q q
34-(CH,), H H HooH 4-Ph 4-CH H H H
3,4-(CHz), 4-Cl H H H 3
34-(CHo, 4-Br o o o 4-Ph 4-t-Bu H H H
34-(CHy), 4-CH, u u 60 4-Ph 4-t-Bu CH, H H
3,4-(CH,), A+4-Bu H H H 4-Ph 4-n-Hex H H H
3,4-(CHy), 4-n-Hex H H H 4-Ph 4-n-Hex CH, H H
3,4-(CHs), 4-Ph H H H 4-Ph 4-n-Hex H H CH;
2,4-(t-Bu), H H H H 4-Ph 4-n-Hex H CH; CH,
2,4-(t-Bu), 4-Cl H H H 4-Ph 4-Ph H H H
2,4-(t-Bu), 4-Br H H H 65 4-Ph 4-Ph CH, H H
2,4-(t-Bu), 4-CH,4 H H H
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TABLE 3

The locants for the substituent R®! in the Table correspond to the positions indicated

in the following structural formulae, and the expression — indicates unsubstituted.
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TABLE 3-continued

The locants for the substituent R®! in the Table correspond to the positions indicated

in the following structural formulae, and the expression — indicates unsubstituted.

R2

RZ
I\
~N 3
N OR:
H;C CH; 2 ,
—
RS AR
R7 \ / 4
6
5
H;C R2

R2
I
3
\N OR
Et Et 2
3
RS P R8!
R7 \ / 4
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TABLE 3-continued

The locants for the substituent R®! in the Table correspond to the positions indicated

in the following structural formulae, and the expression — indicates unsubstituted.

%«i

Et Et 2 .
= 81
R6 - R
R7 \ / 4
6
5
R2

~ OR?

Et Et 2
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TABLE 3-continued

The locants for the substituent R®! in the Table correspond to the positions indicated

in the following structural formulae, and the expression — indicates unsubstituted.

H;C R?

88
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TABLE 3-continued

The locants for the substituent R®! in the Table correspond to the positions indicated

in the following structural formulae, and the expression — indicates unsubstituted.

R2
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TABLE 3-continued

The locants for the substituent R3! in the Table correspond to the positions indicated
in the following structural formulae, and the expression — indicates unsubstituted.

RZ
N\N OR3
2
=’ 81
RS AR
R’ \ 4
6 /
5
RZ

R2
I
NN OR?
2 3
= 81
R5 /R
R7 \ / 4
6
5
R2
7N
NN OR?
s 3
R6 \/RSI

=,

o
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N
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=
o
=
=
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b
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o T T
o T T
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TABLE 3-continued

The locants for the substituent R3! in the Table correspond to the positions indicated
in the following structural formulae, and the expression — indicates unsubstituted.

i-Pr — H H H H
n-Bu — H H H H
c-Bu — H H H H
i-Bu — H H H H
t-Bu — H H H H
n-Pen — H H H H
c-Pen — H H H H
n-Hex — H H H H
c-Hex — H H H H
n-C;H, 5 — H H H H
n-CgH, ; — H H H H
1n-CoH — H H H H
n-C, H, — H H H H
CF — H H H H
C(Ph)=—NCHj;3 — H H H H
C(CH;z)—NPh — H H H H
C(Ph)=NOCH,4 — H H H H
C(O)CH; — H H H H
C(O)Et — H H H H
C(O)CF; — H H H H
C(O)Ph — H H H H
C(O)Ph — 4-Cl H H H
C(O)Ph — 4-Cl H H CHj;
C(O)Ph — 4-CH; H H H
C(O)Ph — 4-CH, CH, H H
C(O)Ph — 4-CH; CH,Ph H H
C(O)Ph — 4-CH; C(O)Ph H H
C(O)Ph — 4-CH; C(O)OEt H H
C(O)Ph — 4-CH; H H CHj;
C(O)Ph — 4-CH; H CH; CHj;
C(O)Ph — 4-t-Bu H H H
C(O)Ph — 4-t-Bu H H CH,
C(O)Ph — 4-n-hex H H H
C(O)Ph — 4-n-hex H H CHj;
C(O)Ph — 4-OCH; H H H
C(O)Ph — 4-0CH, H H CH,
C(O)Ph — 4-Ph H H H
C(O)Ph — 4-Ph H H CHj;
C(O)CH,Ph — H H H H
C(O)CH(CH;)Ph — H H H H
C(O)C,H,Ph — H H H H
C(O)OCH; — H H H H
C(O)OEt — H H H H
C(O)OEt — 4-Cl H H H
C(O)OEt — 4-Cl H H CHj;
C(O)OEt — 4-CH; H H H
C(O)OEt — 4-CH; CHj; H H
C(O)OEt — 4-CH, CH,Ph H H
C(O)OEt — 4-CH; C(O)Ph H H
C(O)OEt — 4-CH; C(O)OEt H H
C(O)OEt — 4-CH; H H CHj;
C(O)OEt — 4-CH, H CH, CH,
C(O)OEt — 4-t-Bu H H H
C(O)OEt — 4-t-Bu H H CHj;
C(O)OEt — 4-n-hex H H H
C(O)OEt — 4-n-hex H H CHj;
C(O)OEt — 4-OCH; H H H
C(O)OEt — 4-OCH; H H CHj;
C(O)OEt — 4-Ph H H H
C(O)OEt — 4-Ph H H CHj;
C(O)OPh — H H H H
C(O)OCH,Ph — H H H H
C(O)OCH(CH;)Ph — H H H H
C(O)OC,H,Ph — H H H H
C(O)N(CHO3)» — H H H H
C(O)NHCH; — H H H H
C(O)NH(CH,Ph) — H H H H
CH,Ph — H H H H
CH,(4-Cl—Ph) — H H H H
A001 H H H H H
A001 3-n-Bu H H H H
A002 H H H H H
A002 2-Cl H H H H
A003 H H H H H
A004 H H H H H
A005 H H H H H
A005 H 4-Cl H H H
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TABLE 3-continued

The locants for the substituent R3! in the Table correspond to the positions indicated
in the following structural formulae, and the expression — indicates unsubstituted.

A005 H 4-Cl H H cH,
A005 H 4cH, H H H
A005 H 4CH, CH, H H
A005 H 4CH,  CH,Ph H H
A005 H 4CH,  C(O)Ph H H
A005 H 4CH, C(OOEt H H
A005 H 4cH, H H cH,
A005 H 4cH, H CH, CH,
A005 H 4t+Bu H H H
A005 H 4tBu H H cH,
A005 H 4n-hex H H H
A005 H 4n-hex H H cH,
A005 H 40CH, H H H
A005 H 40CH, H H cH,
A005 H 4-Ph H H H
A005 H 4-Ph H H cH,
A005 2,5-(CH,), H H H H
A005 2,5-Cl, H H H H
A005 2-Br H H H H
A006 H H H H H
A006 H 4-Cl H H H
A006 H 4-Cl H H cH,
A006 H 4cH, H H H
A006 H 4CH, CH, H H
A006 H 4-CH,  CH,Ph H H
A006 H 4CH,  C(O)Ph H H
A006 H 4CH, C(OOEt H H
A006 H 4cH, H H cH,
A006 H 4cH, H CH, CH,
A006 H 4t+Bu H H H
A006 H 4tBu H H cH,
A006 H 4n-hex H H H
A006 H 4n-hex H H cH,
A006 H 40CH, H H H
A006 H 40CH, H H cH,
A006 H 4-Ph H H H
A006 H 4-Ph H H cH,
A006 3-CH, H H H H
A006 5-CH, H H H H
A006 3-Cl H H H H
A006 5-Et H H H H
A006 5-Cl H H H H
A006 5-Br H H H H
A006 3-Br H H H H
A006 4-Br H H H H
A006 5-NO, H H H H
A007 H H H H H
A007 5-CH, H H H H
A007 3-CH, H H H H
A007 5-Br H H H H
A007 5-NO, H H H H
A007 5-Ph H H H H
A008 5-CH, H H H H
A009 5-CH, H H H H
A010 3,5-(CH,), H H H H
A010 3,5-Cl, H H H H
A011 3,5-(CH,), H H H H
A011 3,5-Cl, H H H H
A012 3-CH, H H H H
A012 3-CH, H H H H
A012 3-Cl H H H H
A013 3-CH, H H H H
A013 3-CH, H H H H
A013 3-Cl H H H H
A014 H H H H H
A014 H 4-Cl H H H
A014 H 4-Cl H H cH,
A014 H 4cH, H H H
A014 H 4CH, CH, H H
A014 H 4CH,  CH,Ph H H
A014 H 4CH,  C(O)Ph H H
A014 H 4CH, C(OOEt H H
A014 H 4cH, H H cH,
A014 H 4cH, H CH, CH,
A014 H 4t+Bu H H H
A014 H 4tBu H H cH,
A014 H 4n-hex H H H
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TABLE 3-continued

The locants for the substituent R3! in the Table correspond to the positions indicated
in the following structural formulae, and the expression — indicates unsubstituted.

A014 H 4n-hex H H cH,
A014 H 40CH, H H H
A014 H 40CH, H H cH,
A014 H 4-Ph H H H
A014 H 4-Ph H H cH,
A015 H H H H H
A016 2,4-(CH,), H H H H
A016 2,4-(CH,), 4-Cl H H H
A016 2,4-(CH,), 4-Cl H H cH,
A016 2,4-(CH,), 4cH, H H H
A016 2,4-(CH,), 4CH, CH, H H
A016 2,4-(CH,), 4CH,  CH,Ph H H
A016 2,4-(CH,), 4CH,  C(O)Ph H H
A016 2,4-(CH,), 4CH, C(OOEt H H
A016 2,4-(CH,), 4cH, H H cH,
A016 2,4-(CH,), 4cH, H CH, CH,
A016 2,4-(CH,), 4t+Bu H H H
A016 2,4-(CH,), 4tBu H H cH,
A016 2,4-(CH,), 4n-hex H H H
A016 2,4-(CH,), 4n-hex H H cH,
A016 2,4-(CH,), 40CH, H H H
A016 2,4-(CH,), 40CH, H H cH,
A016 2,4-(CH,), 4-Ph H H H
A016 2,4-(CH,), 4-Ph H H cH,
A017 2,4-(CH,), H H H H
A018 H H H H H
A018 3-CH, H H H H
A019 3-Ph,5-CH, H H H H
A019 3,5-(CH,), H H H H
A020 5-CH, H H H H
A021 4-CH, H H H H
A022 H H H H H
A023 2,4-(CH,), H H H H
A024 2-(4pyridil)  H H H H
A025 H H H H
A026 H H H H H
A026 4-CH, H H H H
A027 H H H H H
A027 4-CH, H H H H
A028 H H H H H
A029 H H H H H
A030 H H H H H
A031 H H H H H
A032 H H H H H
A033 H H H H H
A034 H H H H H
A034 3,6-Cl, H H H H
A035 H H H H H
A036 H H H H H
A036 H 4-Cl H H H
A036 H 4-Cl H H cH,
A036 H 4cH, H H H
A036 H 4CH, CH, H H
A036 H 4CH,  CH,Ph H H
A036 H 4CH,  C(O)Ph H H
A036 H 4CH, C(OOEt H H
A036 H 4cH, H H cH,
A036 H 4cH, H CH, CH,
A036 H 4t+Bu H H H
A036 H 4tBu H H cH,
A036 H 4n-hex H H H
A036 H 4n-hex H H cH,
A036 H 40CH, H H H
A036 H 40CH, H H cH,
A036 H 4-Ph H H H
A036 H 4-Ph H H cH,
A037 H H H H H
A037 H 4-Cl H H H
A037 H 4-Cl H H cH,
A037 H 4cH, H H H
A037 H 4CH, CH, H H
A037 H 4CH,  CH,Ph H H
A037 H 4CH,  C(O)Ph H H
A037 H 4CH, C(OOEt H H
A037 H 4cH, H H cH,
A037 H 4cH, H CH, CH,
A037 H 4tBu H H H
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TABLE 3-continued

The locants for the substituent R3! in the Table correspond to the positions indicated
in the following structural formulae, and the expression — indicates unsubstituted.

A037
A037
A037
A037
A037
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TABLE 3-continued

US 9,212,348 B2

The locants for the substituent R3! in the Table correspond to the positions indicated

in the following structural formulae, and the expression — indicates unsubstituted.

A053
A054
AO0S5
A056
A057
A058
A059
A060
A061
A062
A063
A064
A065
A066
A067
A068
Al01
A102
A103
Al04
A105
Al106
A107

j=sjiy=c g=n o i oy s S a S« i« x R au i a =i il i xR = i = i = Qi o [ aw i a i a R o

j=sjiy=c g=n o i oy s S a S« i« x R au i a =i il i xR = i = i = Qi o [ aw i a i a R o

j=sjiy=c g=n o i oy s S a S« i« x R au i a =i il i xR = i = i = Qi o [ aw i a i a R o

j=sjiy=c g=n o i oy s S a S« i« x R au i a =i il i xR = i = i = Qi o [ aw i a i a R o

TABLE 4

The locants for the substituent R?! herein correspond to the positions indicated in
the following structural formulae, and the expression — indicates unsubstituted.
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TABLE 4-continued

The locants for the substituent R?! herein correspond to the positions indicated in

the following structural formulae, and the expression — indicates unsubstituted.

H;C CH;
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TABLE 4-continued

The locants for the substituent R?! herein correspond to the positions indicated in

the following structural formulae, and the expression — indicates unsubstituted.
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TABLE 4-continued

The locants for the substituent R?! herein correspond to the positions indicated in

the following structural formulae, and the expression — indicates unsubstituted.
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TABLE 4-continued

The locants for the substituent R?! herein correspond to the positions indicated in

the following structural formulae, and the expression — indicates unsubstituted.
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TABLE 4-continued

The locants for the substituent R?! herein correspond to the positions indicated in

the following structural formulae, and the expression — indicates unsubstituted.
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TABLE 4-continued

The locants for the substituent R?! herein correspond to the positions indicated in

the following structural formulae, and the expression — indicates unsubstituted.

RS
R7

R2! RS (Z)ym R3 RS R’
H c-Pr — H H H
4-Cl c-Pr — H H H
4-Cl c-Pr — H H CH,3
4-CH; c-Pr — H H H
4-CH; c-Pr — CH,3 H H
4-CH, c-Pr — CH,Ph H H
4-CH; c-Pr — C(O)Ph H H
4-CH; c-Pr — C(O)OEt H H
4-CH; c-Pr — H H CH,3
4-CH, c-Pr — H CH, CH,
4-t-Bu c-Pr — H H H
4-t-Bu c-Pr — H H CH,
4-n-hex c-Pr — H H H
4-n-hex c-Pr — CH, H H
4-n-hex c-Pr — CH,Ph H H
4-n-hex c-Pr — C(O)Ph H H
4-n-hex c-Pr — C(O)OEt H H
4-n-hex c-Pr — H H CHj;
4-n-hex c-Pr — H CH; CHj;
4-OCH;  c¢-Pr — H H H
4-OCH;  c¢-Pr — H H CH,
4-Ph c-Pr — H H H
4-Ph c-Pr — H H CH,3
H c-Bu — H H H

H c-Pen — H H H

H c-Hex — H H H
4-Cl c-Hex — H H H
4-Cl c-Hex — H H CHj;
4-CH; c-Hex — H H H
4-CH; c-Hex — CH,3 H H
4-CH; c-Hex — CH,Ph H H
4-CH; c-Hex — C(O)Ph H H
4-CH, c-Hex — C(O)OEt H H
4-CH; c-Hex — H H CH,3
4-CH; c-Hex — H CH;, CH,3
4-t-Bu c-Hex — H H H
4-t-Bu c-Hex — H H CH,
4-n-hex c-Hex — H H H
4-n-hex c-Hex — CH, H H
4-n-hex c-Hex — CH,Ph H H
4-n-hex c-Hex — C(O)Ph H H
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TABLE 4-continued

The locants for the substituent R?! herein correspond to the positions indicated in
the following structural formulae, and the expression — indicates unsubstituted.

4-n-hex
4-n-hex
4-n-hex
4-OCH,
4-OCH,
4-Ph

4-Ph

jasjia=ija=ianjias jaifaiaxjiasa s iles
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c-Hex
c-Hex
c-Hex
c-Hex
c-Hex
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TABLE 4-continued

The locants for the substituent R?! herein correspond to the positions indicated in
the following structural formulae, and the expression — indicates unsubstituted.

jasjacijaxiianiiasjias axilanjias jas axilanjias jas Jaiaslas s

asjaniaciianiianiiasiasanlianiiasjias aclanjios jas aianjiasjas aciesjas Jas)

A007
A007
A007
A007
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jasjia=ianiiacjias axifanjiasias ailanllanjasaiaxjasjasfa e

2,4-(CH;),
2,4-(CH;),
2,4-(CH;),
2,4-(CH,),
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2,4-(CH;),
2,4-(CH;),
2,4-(CH;),
2,4-(CH,),
2,4-(CH;),
2,4-(CH;),
2,4-(CH;),
2,4-(CH,),
2,4-(CH;),
2,4-(CH;),
2,4-(CH;),
H

3-CH;,
3-Ph, 5-CH;,
3,5-(CHy),
5-CH;,
4-CH,

H
2,4-(CHy),
2-(4-pyridil)
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TABLE 4-continued

The locants for the substituent R?! herein correspond to the positions indicated in
the following structural formulae, and the expression — indicates unsubstituted.

A035 H H H
A036 H H H
A037 H H H
A037 H H H
A037 H H cH,
4-CH,  A037 H H H
4-CH,  A037 H cH, H
4-CH,  A037 H CIHLPh H
4-CH,  A037 H C(O)Ph H
4-CH,  A037 H C(O)OEt H
4-CH,  A037 H H cH,
4-CH,  A037 H H H, CH,
4+Bu  A037 H H H
4+Bu  A037 H H cH,
4-n-hex  A037 H H H
4-n-hex  A037 H cH, H
4-n-hex  A037 H CIHLPh H
4-n-hex  A037 H C(O)Ph H
4-n-hex  A037 H C(O)OEt H
4-n-hex  A037 H cH,
4-n-hex  A037 H H, CH,
4-OCH,  A037 H H
4-OCH,  A037 H cH,
A037 H H
A037 H cH,
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H
H
H
4-OCH, A038 H cH,
A038 H H
A038 H cH,
A038 2-OCH, H H
A038 4-OCH, H H
A038 4F H H
A039 H H H
A039 3-CH, H H
A039 7-OCH, H H
A040 H H H
A041 H H H
A041 H H H
A041 H H cH,
4CH,  A041 H H H
4CH,  A041 H cH, H
4CH,  A041 H CIHLPh H
4CH,  A041 H C(O)Ph H
4CH,  A041 H C(O)OEt H
4CH,  A041 H H cH,
4CH,  A041 H H H, CH,
4+Bu  A041 H H H
4+Bu  A041 H H cH,
4-n-hex  A041 H H H
4-n-hex  A041 H H cH,
4-OCH;  A041 H H H
4-OCH;  A041 H H cH,
A041 H H H
A041 H H cH,
A041 6-NO, H H
A041 6-Br H H
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TABLE 4-continued

The locants for the substituent R?! herein correspond to the positions indicated in
the following structural formulae, and the expression — indicates unsubstituted.

A042
A042
A042

4-CH; A042
4-CH; A042
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TABLE 4-continued

The locants for the substituent R?! herein correspond to the positions indicated in
the following structural formulae, and the expression — indicates unsubstituted.

H A105 — H H H
H A106 — H H H
H A107 — H H H
TABLE 5 10 TABLE 5-continued

The expression — indicates unsubstituted.
RZ

H;C R2 15 / \
N
W \N "
N
\N OR?
20 H;C CH;
H,C CH, RS i R®
R® RS

R7
25
R? R2
30
J 7\
~ 3
N OR Ny OR?
chicm 55 HsciCHs
6 8
R ; R RS RS
R R’
40
RZ
H;C R?

73 Y

OR?
H;C CH
R® RS
R® RS
R7 50 R’
55
R? R2
N/ \ N/ \
~
N OR? 60 Sy OR?
H;C CH; Et Et
RS RS RS RS

R’ 65 R’
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TABLE 5-continued

RrR2

N OR?
Et Et
R® R®

R7

10

15

20

25

30

35

40

45

50

55

60

65

R2
I
SN OR?
i-Pr i-Pr
RS RS
R’
R2
TN
\N OR3
i-Pr i-Pr
RS RS
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10

15

20

25

30

35

40

45

50

55

60

65
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TABLE 5-continued

N OR?
R R®
R7
(Z)m (Z)m
R? onring of R? R® onring of R® R? RS R’
H — c-Pr — H H H
CH;, — c-Pr — H H H
H — c-Bu — H H H
CH;, — c-Bu — H H H
H — c-Pen — H H H
CH; — c-Pen — H H H
H — c-Hex — H H H
CH; — c-Hex — H H H
CH; — c-Hex — CH; H H
CH;, — c-Hex — CH,Ph H H
CH, — c-Hex — C(O)Ph H H
CH;, — c-Hex — C(O)OEt H H
CH; — c-Hex — H H CH;
CH;, — c-Hex — H CH; CH;
C(O)CH; — c-Pr — H H H
C(O)CH; — c-Hex — H H H
C(O)CH; — c-Hex — CH;, H H
C(O)CH; — c-Hex — CH,Ph H H
C(O)CH; — c-Hex — C(O)Ph H H
C(O)CH; — c-Hex — C(O)OEt H H
C(O)CH; — c-Hex — H H CH;,
C(O)CH; — c-Hex — H CH; CH;
C(O)Ph — c-Pr — H H H
C(O)Ph — c-Hex — H H H
C(O)Ph — c-Hex — CH;, H H
C(O)Ph c-Hex — CH,Ph H H
C(O)Ph — c-Hex — C(O)Ph H H
C(O)Ph c-Hex C(O)OEt H H
C(O)Ph c-Hex — H H CH;,
C(O)Ph — c-Hex — H CH; CH,
A005 H A005 H H H H
A005 H A006 H H H H
A005 H A014 H H H H
A005 H A016 24-(CHy), H H H
A005 H A037 H H H H
A005 H A038 H H H H
A005 H A041 H H H H
A005 H A042 H H H H
A005 H A043 H H H H
A005 H A044 H H H H
A006 H A005 H H H H
A006 H A006 H H H H
A006 H A006 H CH;, H H
A006 H A006 H CH,Ph H H
A006 H A006 H C(O)Ph H H
A006 H A006 H H H CH,
A006 H A006 H H CH; CH;
A006 H A014 H H H H
A006 H A016 2,4-(CH3), CH H H
A006 H A037 H H H H
A006 H A037 H CH;, H H
A006 H A037 H CH,Ph H H
A006 H A037 H C(O)Ph H H
A006 H A037 H H H CH;,
A006 H A037 H H CH; CH;
A006 H A038 H H H H
A006 H A038 H CH;, H H
A006 H A038 H CH,Ph H H
A006 H A038 H C(O)Ph H H
A006 H A038 H H H CH;,
A006 H A038 H H CH; CH;
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TABLE 5-continued
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TABLE 5-continued
A042 H A037 H CHPh H H
A042 H A037 H COPh H H
A042 H A037 H H H CH,
A042 H A037 H H CH; CH,
A042 H A038 H H H H
A042 H A038 H CH, H H
A042 H A038 H CHPh H H
A042 H A038 H COPh H H
A042 H A038 H H H CH,
A042 H A038 H H CH; CH,
A042 H A041 H H H H
A042 H A041 H CH, H H
A042 H A041 H CHPh H H
A042 H A041 H COPh H H
A042 H A041 H H H CH,
A042 H A041 H H CH, CH,
A042 H A042 H H H H
A042 H A042 H CH, H H
A042 H A042 H CHPh H H
A042 H A042 H COPh H H
A042 H A042 H H H CH,
A042 H A042 H H CH; CH,
A042 H A043 H H H H
A042 H A044 H H H H
TABLE 6

The locants for the substituents R!*, R?! and R3! in the

Table correspond to the positions indicated in the following

structural formulae.
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TABLE 6-continued

—
R6 I RSI
v\
\_/
5

Rt R2! RS! R3 RS R’
H H H H H H
H 4-CH; H H H H
H 4-t-Bu H H H H
H 4-t-Bu 4-CH; H H H
H 4-t-Bu H CH; H H
H 4-t-Bu 4-CH; CH; H H
H 4-n-Hex H H H H
H 4-n-Hex 4-Cl H H H
H 4-n-Hex 4-Br H H H
H 4-n-Hex 4-CH; H H H
H 4-n-Hex H CH, H H
H 4-n-Hex 4-CH; CH; H H
H 4-n-Hex H CH,Ph H H
H 4-n-Hex H C(O)OEt H H
H 4-n-Hex H C(O)Ph H H
H 4-n-Hex H H H CH;
H 4-n-Hex H H CHj; CH;
H 4-Ph H H H H
H 4-Ph 4-CH; H H H
H 4-Ph H CH; H H
H 4-Ph 4-CH; CH; H H
4-F H H H H H
2-Cl H H H H H
3-Cl H H H H H
4-Cl H H H H H
4-Cl 4-t-Bu H H H H
4-Cl 4-t-Bu 4-CH; H H H
4-Cl 4-n-Hex H H H
4-Cl 4-n-Hex 4-Cl H H H
4-Cl 4-n-Hex 4-Br H H H
4-Cl 4-n-Hex 4-CH; H H H
4-Cl 4-Ph H H H H
4-Cl 4-Ph 4-CH; H H H
4-Br H H H H H
3,4-Cl, H H H H H
4-NO; H H H H H
4-CN H H H H H
2-CH, H H H H H
3-CH; H H H H H
4-CH; H H H H H
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TABLE 7-continued
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TABLE 6-continued
4-CH; 4-t-Bu H H H H
4-CH, 4-t-Bu 4-CH, o o o
4-CH;3 4-n-Hex H H H H
4-CH;3 4-n-Hex 4-Cl H H H
4-CH; 4-n-Hex 4-Br H H H
4-CH, 4-n-Hex 4-CH, o o o
4-CH;3 4-Ph H H H H
4-CH, 4-Ph 4-CH, o o o
3,4-(CH,), o o o o o
4-OCH; H H H H H
4-OCH; 4-t-Bu H H H H
4-OCH; 4-n-Hex H H H H
4-OCH; 4-n-Hex 4-Cl H H H
4-OCH; 4-n-Hex 4-Br H H H
4-0CH, 4-n-Hex 4-CH, o o o
4-OCH; 4-Ph H H H H
34-(OCH,) H o o o o
4-Ph H H H H H
TABLE 7

The locants for the substituent R®! in the Table correspond to the
positions indicated in the following structural formulae.
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R! R2 (Z)m RS! R3 RS R’
H H — H H H H
Et H — H H H H
n-Pr H — H H H H
n-Bu H — H H H H
c-Bu H — H H H H
n-Pen H — H H H H
c-Pen H — H H H H
CF; H — H H H H
CF; H — 4-CH; H H H
CF; H — 4-CH; CH, H H
CF; A005 — H H H H
CF, A006 — H H H H
CF; A014 — H H H H
CF; A016  2,4-(CH;), H H H H
CF; A036 H H H H H
CF; A037 — H H H H
CF, A038 — H H H H
CF; A041 — H H H H
CF; A042 — H H H H
CN H — H H H H
C(O)OEt H — H H H H
Ph H — H H H H
(4-CH;)Ph H — H H H H
(4-i-Pr)Ph H — H H H H
(4-OCH;)Ph H — H H H H
(4-OCH;)Ph H — 4-CH; H H H
TABLE 8
The locants for the substituents R?! and R8! in the Table correspond
to the positions indicated in the following structural formulae, and the
expression — indicates unsubstituted.

H;C CH 2
6 T\ s
R —
R7 \ / 4
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TABLE 8-continued
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TABLE 8-continued

136

R! (Z)m R2! RS8! R3 RS R’
H — H H H H H
Et — H H H H H
n-Pr — H H H H H
n-Bu — H H H H H
CF, — H H H H H
CF, — 4-CH, H H H H
CF, — 4-CH, 4CH, H H H
CF, — 4-CH, 4CH, CH, H H
CF, — 4-CH, 4CH, H H CH,
CF, — 4-t-Bu H H H
CF, — 4-n-Hex 4CH, H H H
CF, — 4-n-Hex 4CH, CH, H H
CF, — 4-n-Hex 4CH, H H CH,
CF, — 4-n-Hex 4CH, H CH, CH,
CF, 4-Ph H H H H
COEt  — H H H H H
A001 H H H H H H
A002 H H H H H H
A003 H H H H H H
A005 H H H H H H
A005 2,5-(CH,), H H H H H
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A005 2,5-Cl, H H H H H
A005 2-Br H H H H H
A006 H H H H H H
A006 3-CH; H H H H H
A006 5-CH,3 H H H H H
A006 3-Cl H H H H H
A006 5-Et H H H H H
A006 5-Cl H H H H H
A006 5-Br H H H H H
A006 3-Br H H H H H
A006 4-Br H H H H H
A006 5-NO, H H H H H
A007 H H H H H H
A007 5-CH; H H H H H
A007 3-CH; H H H H H
A007 5-Br H H H H H
A007 5-NO, H H H H H
A007 5-Ph H H H H H
A008 5-CH; H H H H H
A009 5-CH,3 H H H H H
A010 3,5-(CHj), H H H H H
A010 ,5-Cl, H H H H H
A011 3,5-(CHj), H H H H H
A011 ,5-Cl, H H H H H
A012 3-CH; H H H H H
A012 3-CH; H H H H H
A012 3-Cl H H H H H
A013 3-CH,3 H H H H H
A013 3-CH; H H H H H
A013 3-Cl H H H H H
A014 H H H H H H
A015 H H H H H H
A016 2,4-(CHj), H H H H H
A017 2,4-(CHj), H H H H H
A034 H H H H H H
A034 3,6-Cl, H H H I H
A035 H H H H H H
A036 H H H H H H
A037 H H H H H H
A037 6-OCH; H H H H H
A037 6-Br H H H H H
A038 H H H H H H
A038 2-OCHj3 H H H H H
A038 4-OCH; H H H H H
A038 4-F H H H H H
TABLE 9
R2! R8! R3

H H H

H 4-F H

H 2-Cl H

H 3-Cl H

H 4-Cl H

H 4-Cl CH;

H 4-Cl CH,Ph

H 4-Cl C(O)Ph

H 4-Cl C(O)OEt

H 4-Br H

H 4-1 H

H 2,4-Cl, H

H 3,4-Cl, H

H 4-NO, H

H 4-CN H

H 2-CH,3 H

H 3-CH; H

H 4-CH; H

H 4-CH; CH;

H 4-CH, CH,Ph

H 4-CH; C(O)Ph

H 4-CH; C(O)OEt

H 4-Ft H

H 4-n-Pr H

H 4-c-Pr H

H 4-i-Pr H

H 4-n-Bu H
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TABLE 9-continued TABLE 9-continued

R21 RSI R3 R21 RSI R3
H 4-c-Bu H H 4-S(0),NHCH, H
H 4-i-Bu H 5 H 4-S(0),NHPh H
H 4+t-Bu H H 4-S(0),NH(CH,Ph) H
H 4+t-Bu CH, H 4-S(0),NH{CH(CH)Ph} H
H 4+t-Bu CIH,Ph H 4-S(0),NH(C,H,Ph) H
H 4+t-Bu C(O)Ph H 4-Ph H
H 4+t-Bu C(O)OEt H 4-Ph CH,
H 4-n-Pen H 10 H 4-Ph CH,Ph
H 4-c-Pen H H 4-Ph C(O)Ph
H 4-n-Hex H H 4-Ph C(O)OEt
H 4-n-Hex CH, 4-F H H
H 4-n-Hex CIH,Ph 4-F 4-Cl H
H 4-n-Hex C(O)Ph 4-F 4-Br H
H 4-n-Hex C(O)OEt 15 4-F 4-CH, H
H 4-c-Hex H 4-F 4-t-Bu H
H 4-n-C;H 5 H 4-F 4-n-Hex H
H 4-n-CgH 5 H 4-F 4-Ph H
H 4-n-C,H H 2-Cl H H
H 4-0-CoH,, H 2-Cl 4-Cl H
H 2,4-(CH,) H 2-Cl 4-Br H
H 3, 4-(CH,), H 20 2-Cl 4-CH, H
H 4-CF, H 2-Cl 4+4-Bu H
H 4-0H H 2-Cl 4-n-Hex H
H 2-0CH, H 2-Cl 4-Ph H
H 3-0CH, H 3-Cl H H
H 4-OCH, H 3-Cl 4-Cl H
H 4-O—n-Hex H 25 3-Cl 4-Br H
H 4-0—c-Hex H 3-Cl 4-CH, H
H 2, 4-(OCH,), H 3-Cl 4+4-Bu H
H 3, 4-(OCH,), H 3-Cl 4-n-Hex H
H 4-OCH,OCH, H 3-Cl 4-Ph H
H 4-0C,H,OFt H 4-Cl H H
H 4-OCF, H 30 4-Cl 4-Cl H
H 4-OPh H 4-Cl 4-Br H
H 4-OCH,Ph H 4-Cl 4-CH, H
H 4-C(CH,)=—NCH, H 4-Cl 4+4-Bu H
H 4-C(CH,)=NPh H 4-Cl 4+4-Bu CH,
H 4-C(Ph)=NCH, H 4-Cl 4-n-Hex H
H 4-C(Ph)=NPh H 35 4-Cl 4-n-Hex CH,
H 4-C(CH,)=NOCH, H 4-Cl 4-Ph H
H 4-C(CH,)=NOPh H 4-Cl 4-Ph CH,
H 4-C(Ph)=NOCH, H 4-Br H H
H 4-C(Ph)=NOPh H 4-Br 4-Cl H
H 4-C(O)CH, H 4-Br 4-Br H
H 4-C(O)CF, H 4-Br 4-CH, H
H 4-C(O)Ph H 40 4-Br 4-t-Bu H
H 4-C(0)OCH, H 4-Br 4-n-Hex H
H 2-C(O)OEt H 4-Br 4-Ph H
H 3-C(O)OEt H 3,4-CL, H H
H 4-C(O)OEt H 3,4-Cl, 4-Cl H
H 4-C(O)OPh H 3,4-Cl, 4-Br H
H 4-C(O)OCH,Ph H 45 3,4-Cl, 4-CH, H
H 4-C(0)OCH(CH,)Ph H 3,4-Cl, 4+4-Bu H
H 4-C(0)OC,H,Ph H 3,4-Cl, 4-n-Hex H
H 4-SCH, H 3,4-Cl, 4-Ph H
H 4-S(0)CH, H 4-NO, H H
H 4-S(0),CH, H 4-NO, 4-Cl H
H 4-SPh H 50 4-NO, 4-Br H
H 4-S(0)Ph H 4-NO, 4-CH, H
H 4-S(0),Ph H 4-NO, 4+4-Bu H
H 4-0S(0),CH, H 4-NO, 4-n-Hex H
H 4-08(0),Ph H 4-NO, 4-Ph H
H 4-N(CH,), H 4-CN H H
H 4-N(CH,Ph), H 55 4-CN 4-Cl H
H 4-N(CH;)(CH,Ph) H 4-CN 4-Br H
H 4-NHCH, H 4-CN 4-CH, H
H 4-NH(CH,Ph) H 4-CN 4+4-Bu H
H 4-C(O)N(CH,), H 4-CN 4-n-Hex H
H 4-C(O)N(CH,Ph), H 4-CN 4-Ph H
H 4-C(O)N(CH;)(CH,Ph) H 2-CH, H H
H 4-C(O)NHCH, H 60 2-CH, 4-Cl H
H 4-C(O)NH(CH,Ph) H 2-CH, 4-Br H
H 4-C(O)NH(CH(CH,)Ph) H 2-CH, 4-CH, H
H 4-C(O)NH(C,H,Ph) H 2-CH, 4+4-Bu H
H 4-C(S)NH, H 2-CH, 4-n-Hex H
H 4-S(0),N(CH,), H 2-CH, 4-Ph H
H 4-S(0),N(CH,Ph), H 65 3-CH; H H
H 4-S(0),N(CH,)(CH,Ph) H 3-CH, 4-Cl H
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TABLE 9-continued TABLE 9-continued
R2 RSL R3 R2 RSL R3
3-CH; 4-Br H 4-n-Hex 4-c-Pen H
3-CH, 4-CH, H 5 4-n-Hex 4-n-Hex H
3-CH; 4-t-Bu H 4-n-Hex 4-n-Hex CH;
3-CH; 4-n-Hex H 4-n-Hex 4-n-Hex CH,Ph
3-CH; 4-Ph H 4-n-Hex 4-n-Hex C(O)Ph
4-CH, H H 4-n-Hex 4-n-Hex C(O)OEt
4-CH; 4-Cl H 4-n-Hex 4-c-Hex H
4-CH;, 4-Br H 10 4-n-Hex 4-n-C,H 5 H
4-CH;, 4-CH, H 4-n-Hex 4-n-CgH,; H
4-CH; 4-t-Bu H 4-n-Hex 4-n-CoH |y H
4-CH;, 4-t-Bu CH, 4-n-Hex 4-n-C oHy, H
4-CH; 4-n-Hex H 4-n-Hex 2, 4-(CHj3) H
4-CH; 4-n-Hex CH; 4-n-Hex 3,4-(CHj)» H
4-CH, 4-Ph H 15 4-n-Hex 4-CF, H
4-CH;, 4-Ph CH, 4-n-Hex 4-OH H
4-c-Pr H H 4-n-Hex 2-OCHj;3 H
4-c-Pr 4-Cl H 4-n-Hex 3-OCHj; H
4-c-Pr 4-Br H 4-n-Hex 4-OCH; H
4-c-Pr 4-CH;3 H 4-n-Hex 4-O—n-Hex H
4-c-Pr 4-t-Bu H 4-n-Hex 4-O—c-Hex H
4-c-Pr 4-n-Hex H 20 4-n-Hex 2, 4-(OCH,), H
4-c-Pr 4-Ph H 4-n-Hex 3, 4-(OCH,), H
4-i-Pr H H 4-n-Hex 4-OCH,OCH,3 H
4-i-Pr 4-Cl H 4-n-Hex 4-OC,H,OEt H
4-i-Pr 4-Br H 4-n-Hex 4-OCF; H
4-i-Pr 4-CH, H 4-n-Hex 4-OPh H
4-i-Pr 4-t-Bu H 25 4-n-Hex 4-OCH,Ph H
4-i-Pr 4-n-Hex H 4-n-Hex 4-C(CH;)—NCH; H
4-i-Pr 4-Ph H 4-n-Hex 4-C(CH;3)—NPh H
4-t-Bu H H 4-n-Hex 4-C(Ph)—NCH, H
4-t-Bu 4-Cl H 4-n-Hex 4-C(Ph)—NPh H
4-t-Bu 4-Br H 4-n-Hex 4-C(CH;3)—NOCH; H
4-t-Bu 4-CH, H 30 4-n-Hex 4-C(CH;)—NOPh H
4-t-Bu 4-t-Bu H 4-n-Hex 4-C(Ph)—NOCH; H
4-t-Bu 4-t-Bu CH, 4-n-Hex 4-C(Ph)—NOPh H
4-t-Bu 4-n-Hex H 4-n-Hex 4-C(O)CH; H
4-t-Bu 4-n-Hex CH, 4-n-Hex 4-C(O)CF, H
4-t-Bu 4-Ph H 4-n-Hex 4-C(O)Ph H
4-t-Bu 4-Ph CH, 35 4-n-Hex 4-C(O)OCH; H
4-n-Hex H H 4-n-Hex 2-C(O)OEt H
4-n-Hex H CH, 4-n-Hex 3-C(O)OEt H
4-n-Hex H CH,Ph 4-n-Hex 4-C(O)OEt H
4-n-Hex H C(O)Ph 4-n-Hex 4-C(O)OPh H
4-n-Hex H C(O)OEt 4-n-Hex 4-C(O)OCH,Ph H
4-n-Hex 4-F H 4-n-Hex 4-C(O)OCH(CH;)Ph H
4-n-Hex 2-Cl H 40 4-n-Hex 4-C(0)OC,H,Ph H
4-n-Hex 3-Cl H 4-n-Hex 4-SCH; H
4-n-Hex 4-Cl H 4-n-Hex 4-S(O)CH; H
4-n-Hex 4-Cl CH, 4-n-Hex 4-5(0),CH, H
4-n-Hex 4-Cl CH,Ph 4-n-Hex 4-SPh H
4-n-Hex 4-Cl C(O)Ph 4-n-Hex 4-S(0)Ph H
4-n-Hex 4-Cl C(0)OEt 45 4-n-Hex 4-S(0),Ph H
4-n-Hex 4-Br H 4-n-Hex 4-0S(0),CH, H
4-n-Hex 4-1 H 4-n-Hex 4-0S(0),Ph H
4-n-Hex 2,4-Cl, H 4-n-Hex 4-N(CHj;), H
4-n-Hex 3,4-Cl, H 4-n-Hex 4-N(CH,Ph), H
4-n-Hex 4-NO, H 4-n-Hex 4-N(CH;)(CH,Ph) H
4-n-Hex 4-CN H 50 4-n-Hex 4-NHCHj;3 H
4-n-Hex 2-CH; H 4-n-Hex 4-NH(CH,Ph) H
4-n-Hex 3-CH,3 H 4-n-Hex 4-C(O)N(CH;), H
4-n-Hex 4-CH, H 4-n-Hex 4-C(O)N(CH,Ph), H
4-n-Hex 4-CH, CH, 4-n-Hex 4-C(O)N(CH;)(CH,Ph) H
4-n-Hex 4-CH, CH,Ph 4-n-Hex 4-C(O)NHCH,; H
4-n-Hex 4-CH, C(O)Ph 55 4-n-Hex 4-C(O)NH(CH,Ph) H
4-n-Hex 4-CH, C(O)OEt 4-n-Hex 4-C(O)NH{CH(CH3)Ph} H
4-n-Hex 4-Et H 4-n-Hex 4-C(O)NH(C,H,Ph) H
4-n-Hex 4-n-Pr H 4-n-Hex 4-C(S)NH, H
4-n-Hex 4-c-Pr H 4-n-Hex 4-5(0),N(CHj3), H
4-n-Hex 4-i-Pr H 4-n-Hex 4-S(0),N(CH,Ph), H
4-n-Hex 4-n-Bu H 4-n-Hex 4-S(0),N(CH;)(CH,Ph) H
4-n-Hex 4-c-Bu H 60 4-n-Hex 4-S(0),NHCH, H
4-n-Hex 4-i-Bu H 4-n-Hex 4-5(0),NHPh H
4-n-Hex 4-t-Bu H 4-n-Hex 4-S(0),NH(CH,Ph) H
4-n-Hex 4-t-Bu CH, 4-n-Hex 4-S(0),NH{CH(CH3)Ph} H
4-n-Hex 4-t-Bu CH,Ph 4-n-Hex 4-S(0),NH(C,H,Ph) H
4-n-Hex 4-t-Bu C(O)Ph 4-n-Hex 4-Ph H
4-n-Hex 4-t-Bu C(O)OEt 65 4-n-Hex 4-Ph CH,
4-n-Hex 4-n-Pen H 4-n-Hex 4-Ph CH,Ph
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TABLE 9-continued
R2! RS! R3
4-n-Hex 4-Ph C(O)Ph
4-n-Hex 4-Ph C(O)OEt
4-c-Hex H H
4-c-Hex 4-Cl H
4-c-Hex 4-Br H
4-c-Hex 4-CH; H
4-c-Hex 4-t-Bu H
4-c-Hex 4-t-Bu CH;
4-c-Hex 4-n-Hex H
4-c-Hex 4-n-Hex CH;
4-c-Hex 4-Ph H
4-c-Hex 4-Ph CH;
3, 4-(CHj), H H
3, 4-(CHj), 4-Cl H
3, 4-(CHj), 4-Br H
3, 4-(CHj), 4-CH; H
3, 4-(CHj), 4-t-Bu H
3, 4-(CHj), 4-n-Hex H
3, 4-(CHj), 4-Ph H
2, 4-(t-Bu), H H
2, 4-(t-Bu), 4-Cl H
2, 4-(t-Bu), 4-Br H
2, 4-(t-Bu), 4-CH; H
2, 4-(t-Bu), 4-t-Bu H
2, 4-(t-Bu), 4-n-Hex H
2, 4-(t-Bu), 4-Ph H
4-CF; H H
4-CF; 4-Cl H
4-CF; 4-Br H
4-CF; 4-CH; H
4-CF; 4-t-Bu H
4-CF; 4-n-Hex H
4-CF, 4-Ph H
4-OH H H
4-OH 4-Cl H
4-OH 4-Br H
4-OH 4-CH, H
4-OH 4-t-Bu H
4-OH 4-n-Hex H
4-OH 4-Ph H
4-OCH, H H
4-OCH; 4-Cl H
4-OCH; 4-Br H
4-OCH; 4-CH; H
4-OCH, 4-t-Bu H
4-OCH; 4-n-Hex H
4-OCH; 4-Ph H
4-O—i-Pr H H
4-O—i-Pr 4-Cl H
4-O—i-Pr 4-Br H
4-O—i-Pr 4-CH; H
4-O—i-Pr 4-t-Bu H
4-O—i-Pr 4-n-Hex H
4-O—i-Pr 4-Ph H
4-O—n-Hex H H
4-O—n-Hex 4-Cl H
4-O—n-Hex 4-Br H
4-O—n-Hex 4-CH;3 H
4-O—n-Hex 4-t-Bu H
4-O—n-Hex 4-n-Hex H
4-O—n-Hex 4-Ph H
3,4-(0OCHj;), H H
3,4-(0OCHj;), 4-Cl H
3,4-(OCH,;), 4-Br H
3,4-(0CKj3), 4-CH; H
3,4-(0OCHj;), 4-t-Bu H
3,4-(0OCHj;), 4-n-Hex H
3,4-(OCH,;), 4-Ph H
4-0C,H,OFt H H
4-0C,H,OFt 4-Cl H
4-0C,H,OFt 4-Br H
4-OC,H,OEt 4-CH, H
4-0C,H,OFt 4-t-Bu H
4-0C,H,OFt 4-n-Hex H
4-0C,H,OFt 4-Ph H
4-OPh H H
4-OPh 4-Cl H
4-OPh 4-Br H

w
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TABLE 9-continued
R2! RS! R3
4-OPh 4-CH;3 H
4-OPh 4-t-Bu H
4-OPh 4-n-Hex H
4-OPh 4-Ph H
4-OCH,Ph H H
4-OCH,Ph 4-Cl H
4-OCH,Ph 4-Br H
4-OCH,Ph 4-CH, o
4-OCH,Ph 4-t-Bu H
4-OCH,Ph 4-n-Hex H
4-OCH,Ph 4-Ph H
4-Ph H H
4-Ph 4-Cl H
4-Ph 4-Br H
4-Ph 4-CH, o
4-Ph 4-t-Bu H
4-Ph 4+4-Bu CH,
4-Ph 4-n-Hex H
4-Ph 4-n-Hex CH,
4-Ph 4-Ph H
4-Ph 4-Ph CH,

The locants for the substituent R?! and R®! in the Table correspond to the positions indicated
in the following structural formulae.
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TABLE 9-continued

R3

RSI

R21

R3

RSI

R21

i-Pr

i-Pr

25

CHj

H;C

CH,

H;C

CHs

HC

CH,

H;C

Et
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TABLE 9-continued
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TABLE 10

(Z)m

RSI

)
u

t-Bu
n-Pen
c-Pen
n-Hex
c-Hex
n-C;H,5
n-CgH, 5
n-CoH o
n-CyoH,
CF;
C(Ph)=NCH,
C(CH3)—NPh
C(Ph)—NOCH;
C(O)CH;

N

mmmmmmmmmmmmmmmmmmmmmmmgm
g
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TABLE 10-continued
R? (Z)m RS! R3
C(O)Et — o o
C(O)CF, — o o
C(O)Ph — o o
C(O)Ph — a-Cl o
C(O)Ph — 4-CH, o
C(O)Ph — 4-CH, CH,
C(O)Ph — 4-CH, CH,Ph
C(O)Ph — 4-CH, C(O)Ph
C(O)Ph — 4-CH, C(O)OEt
C(O)Ph — 4+4-Bu H
C(O)Ph — 4-n-hex H
C(O)Ph — 4-OCH, o
C(O)Ph — 4-Ph o
C(O)CH,Ph — o o
C(O)CH(CH,)Ph — o o
C(O)C,H,Ph — o o
C(0)OCH, — o o
C(O)OEt — o o
C(O)OEt — a-Cl o
C(O)OEt — 4-CH, o
C(O)OEt — 4-CH, CH,
C(O)OEt — 4-CH, CIH,Ph
C(O)OEt — 4-CH, C(O)Ph
C(O)OEt — 4-CH, C(O)OEt
C(O)OEt — 4+4-Bu H
C(O)OEt — 4-n-hex H
C(O)OEt — 4-OCH, o
C(O)OEt — 4-Ph o
C(O)OPh — o o
C(O)OCH,Ph — o o
C(O)OCH(CH,)Ph — o o
C(0)OC,H,Ph — o o
C(O)N(CH,), — o o
C(O)NHCH, — o o
C(O)NH(CH,Ph) — o o
CIHLP — o o
CH,(4-Cl—Ph) — o o
A001 H H H
A001 3-n-Bu H H
A002 H H H
A002 2-Cl H H
A003 H H H
A004 H H H
A005 H H H
A005 H 4-Cl H
A005 H 4-CH;3 H
A005 o 4-CH, CH,
A005 o 4-CH, CH,Ph
A005 o 4-CH, C(O)Ph
A005 o 4-CH, C(O)OEt
A005 H 4-t-Bu H
A005 H 4-n-hex H
A005 H 4-OCH;3 H
A005 H 4-Ph H
A005 2, 5-(CH,), o o
A005 2,5-Cl, H H
A005 2-Br H H
A006 H H H
A006 H 4-Cl H
A006 H 4-CH; H
AD06 o 4-CH, CH,
AD06 o 4-CH, CH,Ph
AD06 o 4-CH, C(O)Ph
AD06 o 4-CH, C(O)OEt
A006 H 4-t-Bu H
A006 H 4-n-hex H
A006 H 4-OCHj;3 H
A006 H 4-Ph H
A006 3-CH; H H
A006 5-CH;, H H
A006 3-Cl H H
A006 5-Et H H
A006 5-Cl H H
A006 5-Br H H
A006 3-Br H H
A006 4-Br H H
A006 5-NO, H H
A007 H H H
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R? (Z)m R8! R3 R? (Z)m RS! R3
A007 5-CH, i1 i1 A037 i1 4-CH, CH,
A007 3-CH, H H 5 A037 H 4-CH, CIHL,Ph
A007 5-Br H H A037 H 4-CH, C(O)Ph
A007 5-NO, i1 i1 A037 i1 4-CH, C(O)OEt
A007 5-Ph H H A037 H 4-t-Bu &1
A008 5-CH, H H A037 H 4-n-hex H
A009 5-CH, i1 i1 A037 i1 4-OCH, i1
A010 3,5-(CH,), H H 10 A037 H 4-Ph H
A010 3,5-Cl, H H A037 6-OCH, H H
A011 3,5-(CH,), H H A037 6-Br H H
A011 3,5-Cl, i1 i1 A038 i1 i1 i1
A012 3-CH, H H A038 H 4-Cl H
AD12 3-CH, H H A038 H 4-CH, H
AD12 3-Cl H H s A038 H 4-CH, CH,
A013 3-CH, i1 i1 A038 i1 4-CH, CIHL,Ph
A013 3-CH, H H A038 H 4-CH, C(O)Ph
A013 3-Cl H H A038 H 4-CH, C(O)OEt
A014 u H H A038 H 4-t-Bu &1
A014 i1 4-Cl i1 A038 i1 4-n-hex i1
A014 H 4-CH, H A038 H 4-OCH, H
A014 H 4-CH, CH, 20 A038 H 4-Ph H
A014 H 4-CH, CILPh A038 2-OCH, H H
A014 i1 4-CH, C(O)Ph A038 4-OCH, i1 i1
A014 H 4-CH, C(O)OEt A038 4-F H H
A014 H 4-tBu o A039 H H H
A014 H 4-n-hex H A039 3-CH, H H
A014 i1 4-OCH, i1 25 A039 7-OCH, i1 i1
A014 H 4-Ph H AD40 u H H
A015 H H H A041 H H H
A016 2,4-(CH,), i1 i1 A041 i1 4-Cl i1
A016 2,4-(CH,), 4-Cl H A041 H 4-CH, H
A016 2,4-(CH,), 4-CH, H A041 H 4-CH, CH,
A016 2,4-(CH,), 4-CH, CH, 30 A041 H 4-CH, CIHL,Ph
A016 2,4-(CH,), 4-CH, CH,Ph A041 i1 4-CH, C(O)Ph
A016 2,4-(CH,), 4-CH, C(O)Ph A041 H 4-CH, C(O)OEt
A016 2,4-(CH,), 4-CH, C(O)OEt A041 H 4-t-Bu &1
A016 2,4-(CH,), 4-t-Bu o A041 H 4-n-hex H
A016 2,4-(CH,), 4-n-hex i1 A041 i1 4-OCH, i1
A016 2,4-(CH,), 4-OCH, H 35 A041 H 4-Ph H
A016 2,4-(CH,), 4-Ph H A041 6-NO, H H
A017 2,4-(CH,), H H A041 6-Br H H
A018 H i1 i1 A042 i1 i1 i1
A018 3-CH, H H A042 H 4-Cl H
A019 3-Ph, 5-CH, H H A042 H 4-CH, H
A019 3, 5-(CH,), H H A042 H 4-CH, CH,
A020 5-CH, H H 40 A042 H 4-CH, CH,Ph
A021 4-CH, H H A042 H 4-CH, C(O)Ph
A022 H H H A042 H 4-CH, C(O)OEt
A023 2,4-(CH,), H H A042 H 4-t-Bu &1
A024 2-(4-pyridil) H H A042 H 4-n-hex H
A025 i H H A042 H 4-OCH, H
A026 H H H 45 A042 H 4-Ph H
A026 4-CH, H H A042 5-Br H H
A027 i1 i1 i1 A043 i1 i1 i1
A027 4-CH, H H A044 H H H
A028 H H H A051 — H H
A029 i1 i1 i1 A052 — i1 i1
A030 H H H 50 A053 — H H
A031 H H H A054 — H H
A032 H H H A0S5 — H H
A033 i1 i1 i1 A056 — i1 i1
A034 H H H A057 — H H
A034 3, 6-Cl, H H AD58 — H H
A035 o H H 55 AD59 — H H
A036 i1 i1 i1 AD60 — i1 i1
A036 H 4-Cl H A061 — H H
A036 H 4-CH, H A062 — H H
A036 H 4-CH, CH, A063 — H H
A036 i1 4-CH, CH,Ph A064 — i1 i1
A036 H 4-CH, C(O)Ph A065 — H H
A036 H 4-CH, C(O)OEt 60 A066 - H H
A036 H 4-t-Bu o A067 — H H
A036 i1 4-n-hex i1 A068 — i1 i1
A036 H 4-OCH, H A101 — H H
A036 H 4-Ph H A102 — H H
A037 H H H A103 — H H
A037 H 4-Cl H 65 A104 — H H
A037 i1 4-CH, i1 A105 — i1 i1
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2 81 3
R? (Z)m R8! R3 R (Z)m R R
5
Al106 — H H . R
A107 — H H
N, \ N, \
The locants for the substituent R®! in the Table correspond to the positions indicated in the \N OR3 \N OR3
following structural formulae, and the expression — indicates unsubstituted. 0
H;C, R2 HC ]
R2 i-Pr i-Pr
/ \ A 2 N 27 &
N N, —R8! — 8!
Sy OR? N/ \ e OR3 N Us NG Us
~ 3 15
N OR 1 7
HiC CH3 Et
2 N HC CHs 27 , ,
I—R81 2 | s Rr8! R R
3 5 81 3
R X
|
4 LS 20 B B
4 N\ N\
N OR? N OR3
H;C R2
R? R2
/ \ H;C CH,
N/ \ N\N OR? N/ \ 25 2 E 2 N
—R8! LY S|
SN ord N oR® I T g TR
i-Pr i-Pr 4 4
Et Et i-Pr i-Pr
2 N 6
» I_Rsl , s 30
:_Rsl 3 5 :_RSI .
AN 1 JR 5 R2
4
I
2
e a /I \ Sy SR
R? R? N
/ \ 35 N OR?
N\N o’ ! / \ N/ Et Et
HiC CH.
SN OR} A OR? 3 3 2@ .
27 N TR
| R N 5
HC CH. )
2 N 3 3 40 N 5 1
|—R81 2 6 2 4
3 5 :_Rsl L
1 3 5 N 5
4 4 Rr2
R 45 R R
/ \ N\ 3
N/ \ / \ N\ N OR:
N OR3
N OR? e OR? N
i-Pr i-Pr
50 Et Et
HC CH, Et : i’ 81
—R
2
2 6 27 I st 3 s
A e RO
N IR 3 5 4
AN Y
4 4
55
R2
R? .
I\ I\ TN
N\ R N\ , N/ \ \N OR?
N OR N OR 60 \N OR3
Et Et i-
P i-Pr i-Pr 27 s
2 ) 6 27 a I_RSI
——R8! LU 2 ne |
| | LU N 5
} ’ N 65 3 Us 4
4 4 \4



US 9,212,348 B2

TABLE 11-continued

151
TABLE 10-continued
R? (Z)m RSt R3
R2
I\
N,
e OR?
2 6
A pa
3l Us
4
TABLE 11
R2! RS (Z)m R3
H c-Pr — H
4-Cl c-Pr — H
4-CH; c-Pr — H
4-CH; c-Pr — CH,3
4-CH; c-Pr — CH,Ph
4-CH; c-Pr — C(O)Ph
4-CH, c-Pr — C(O)OEt
4-t-Bu c-Pr — H
4-n-hex c-Pr — H
4-n-hex c-Pr — CHj;
4-n-hex c-Pr — CH,Ph
4-n-hex c-Pr — C(O)Ph
4-n-hex c-Pr — C(O)OEt
4-OCH, c-Pr — H
4-Ph c-Pr — H
H c-Bu — H
H c-Pen — H
H c-Hex — H
4-Cl c-Hex — H
4-CH;3 c-Hex — H
4-CH;3 c-Hex — CH,
4-CH, c-Hex — CH,Ph
4-CH; c-Hex — C(O)Ph
4-CH; c-Hex — C(O)OEt
4-t-Bu c-Hex — H
4-n-hex c-Hex — H
4-n-hex c-Hex — CHj;
4-n-hex c-Hex — CH,Ph
4-n-hex c-Hex — C(O)Ph
4-n-hex c-Hex — C(O)OEt
4-OCH; c-Hex — H
4-Ph c-Hex — H
H c-C;H,s — H
H c-CgH,; — H
H bicyclo[2.2.1]heptan-2-yl H
H 1-adamantyl — H
H 2-adamanty! — H
H A001 H H
H A001 3-n-Bu H
H A002 H H
H A002 2-Cl H
H A003 H H
H A004 H H
H A005 H H
4-Cl A005 H H
4-CH; A005 H H
4-CH; A005 H CH,3
4-CH; A005 H CH,Ph
4-CH, A005 H C(O)Ph
4-CH; A005 H C(O)OEt
4-t-Bu A005 H H
4-n-hex A005 H H
4-n-hex A005 H CH,
4-n-hex A005 H CH,Ph
4-n-hex A005 H C(O)Ph
4-n-hex A005 H C(O)OEt
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R2! RS (Z)m R3
4-OCH, A005 H H
4-Ph A005 H H
H A005 2,5-(CHy), H
H A005 2,5-Cl, H
H A005 2-Br H
H A006 H H
4-Cl A006 H H
4-CH, A006 H H
4-CH, A006 H CH;
4-CH, A006 H CH,Ph
4-CH, A006 H C(O)Ph
4-CH, A006 H C(O)OEt
4-t-Bu A006 H H
4-n-hex A006 H H
4-n-hex A006 H CH;
4-n-hex A006 H CH,Ph
4-n-hex A006 H C(O)Ph
4-n-hex A006 H C(O)OEt
4-OCH, A006 H H
4-Ph A006 H H
H A006 3-CH,3 H
H A006 5-CH, H
H A006 3-Cl H
H A006 5-Et H
H A006 5-Cl H
H A006 5-Br H
H A006 3-Br H
H A006 4-Br H
H A006 5-NO, H
H A007 H H
H A007 5-CH; H
H A007 3-CH,3 H
H A007 5-Br H
H A007 5-NO, H
H A007 5-Ph H
H A008 5-CH; H
H A009 5-CH, H
H A010 3,5-(CH,), H
H A010 3,5-Cl, H
H A011 3,5-(CHjy), H
H A011 3,5-Cl, H
H A012 3-CH,3 H
H A012 3-Me H
H A012 3-Cl H
H A013 3-CH, H
H A013 3-Me H
H A013 3-Cl H
H A014 H H
4-Cl A014 H H
4-CH, A014 H H
4-CH, A014 H CH;
4-CH, A014 H CH,Ph
4-CH, A014 H C(O)Ph
4-CH, A014 H C(O)OEt
4-t-Bu A014 H H
4-n-hex A014 H H
4-OCH, A014 H H
4-Ph A014 H H
H A015 H H
H A016 2,4-(CH,), H
4-Cl A016 2,4-(CH,), H
4-CH, A016 2,4-(CHjy), H
4-CH, A016 2,4-(CHjy), CH;
4-CH, A016 2,4-(CHy), CH,Ph
4-CH, A016 2,4-(CHjy), C(O)Ph
4-CH, A016 2,4-(CHjy), C(O)OEt
4-t-Bu A016 2,4-(CH,), H
4-n-hex A016 2,4-(CHy), H
4-OCH, A016 2,4-(CHjy), H
4-Ph A016 2,4-(CH,), H
H A017 2,4-(CHjy), H
H A018 H H
H A018 3-CH,3 H
H A019 3-Ph, 5-CH, H
H A019 3,5-(CHjy), H
H A020 5-CH, H
H A021 4-CH, H
H A022 H H
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R2! RS (Z)m R3 R2! RS (Z)m R3
H A023 2,4-(CHs), H 4-OCHj,4 A042 H H
H A024 2-(4-pyridil) H 5 4-Ph A042 H H
H A025 H H H A042 5-Br H
H A026 H H H A043 H H
H A026 4-CH, H 4-Cl A043 H H
H A027 H H 4-CH, A043 H H
H A027 4-CH, H 4-CH,4 A043 H CH;,
H A028 H H 10 4-CH,4 A043 H CH,Ph
H A029 H H 4-CH,4 A043 H C(O)Ph
H A030 H H 4-CH, A043 H C(O)OEt
H A031 H H 4-t-Bu A043 H H
H A032 H H 4-n-hex A043 H H
H A033 H H 4-OCH, A043 H H
g ig;i ; 6HC1 g 15 4-Ph A043 H H
s VA2
H 035 q H H A044 H H
H 'A036 H H 4-Cl A044 H H
I AO3T I I 4-CH,4 A044 H H
4l A037 u u 4-CH,4 A044 H CH;,
4-CH, A037 H H 4-CH,4 A044 H CH,Ph
4-CH, A037 H cH, 20 4-CH, A044 H C(O)Ph
4-CH, A037 H CH,Ph 4-CH, A044 H C(O)OEt
4-CH,4 A037 H C(O)Ph 4-t-Bu A044 H H
4-CH,4 A037 H C(O)OEt 4-n-hex A044 H H
4-t-Bu A037 H H 4-OCHj,4 A044 H H
4-n-hex A037 H H 4-Ph A044 H H
4-n-hex A037 H CH, 25 H A051 _ H
4-n-hex A037 H CH,Ph H A052 _ H
4-n-hex A037 H C(O)Ph H A053 _ H
4-n-hex A037 H C(O)OEt H A054 _ H
e A7 E E H Aoss - H
H A037 6-OCH, H 30 E 2823 B E
H A037 6-Br H H N05% B H
H A038 H H
4l A038 H H H A059 - H
4-CH, A038 H H H A060 — H
4-CH, A038 H CH, H A061 — H
4-CH,4 A038 H CH,Ph 35 H A062 — H
4-CH,4 A038 H C(O)Ph H A063 — H
4-CH,4 A038 H C(O)OEt H A064 — H
4-t-Bu A038 H H H A065 — H
4-n-hex A038 H H H A066 — H
4-n-hex A038 H CHj; H A067 _ H
4-n-hex A038 H CH,Ph 40 H A068 _ H
4-n-hex A038 H C(O)Ph H Al01 _ H
4-n-hex A038 H C(O)OEt H A102 _ H
4—OC§I3 A038 H H o AL03 - o
4-P A038 H H
H A038 2-OCHj,4 H E 2182 B E
H A038 4-OCHj,4 H
H A038 4F H 45 H A106 - H
H A039 H H H AlL07 - H
H A039 5-Clly H The locants for the substituent R*! in the Table correspond to the positions indicated in the
g igig 7_OHCH3 g following structural formulae, and the expression — indicates unsubstituted.
H A041 H H
4-Cl A041 H H
4-CH,4 A041 H H
4-CH,4 A041 H CH,
4-CH,4 A041 H CH,Ph
4-CH,4 A041 H C(O)Ph
4-CH,4 A041 H C(O)OEt
4-t-Bu A041 H H
4-n-hex A041 H H
4-OCH; A041 H H
4-Ph A041 H H
H A041 6-NO, H
H A041 6-Br H
H A042 H H
4-Cl A042 H H
4-CH, A042 H H
4-CH,4 A042 H CH;,
4-CH,4 A042 H CH,Ph
4-CH,4 A042 H C(O)Ph
4-CH,4 A042 H C(O)OEt
4-t-Bu A042 H H
4-n-hex A042 H H
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R3

(Z)m

RS

R21

R3

(Z)m

RS

R21
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R3

(Z)m

RS

R21

<
—
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TABLE 12
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10
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OR?

25

H;C

R2

H;C

OR?

\Nb

30

~
N
i-PrJ\i-Pr
RS

RS

35

R2

40

OR?

45

50

55

60

65



161

TABLE 12-continued

US 9,212,348 B2

162

TABLE 12-continued

R2

N,
N OR3
RS
RZ
I
~ N OR3
RS
(Z)m (Z)m
R? on ring of R2 RS on ring of R® R3
H — c-Pr — H
CH, — c-Pr — H
H — c-Bu — H
CH; — c-Bu — H
H — c-Pen — H
CH, — c-Pen — H
H — c-Hex — H
CH; — c-Hex — H
CH, — c-Hex — CH,
CHj; — c-Hex — CH,Ph
CHj; — c-Hex — C(O)Ph
CH, — c-Hex — C(O)OEt
C(O)CH,3 — c-Pr — H
C(O)CH; — c-Hex — H
C(O)CH; — c-Hex — CHj;
C(O)CH,4 — c-Hex — CH,Ph
C(O)CH,3 — c-Hex — C(O)Ph
C(O)CH,3 — c-Hex — C(O)OEt
C(O)Ph — c-Pr — H
C(O)Ph c-Hex H
C(O)Ph — c-Hex CHj;
C(O)Ph — c-Hex CH,Ph
C(O)Ph c-Hex — C(O)Ph
C(O)Ph — c-Hex — C(O)OEt
A005 H A005 H H
A005 H A006 H H
A005 H A014 H H
A005 H A016 2,4-(CH;), H
A005 H A037 H H
A005 H A038 H H
A005 H A041 H H
A005 H A042 H H
A005 H A043 H H
A005 H A044 H H
A006 H A005 H H
A006 H A006 H H
A006 H A006 H CH,3
A006 H A006 H CH,Ph
A006 H A006 H C(O)Ph
A006 H A014 H H
A006 H A016 2,4-(CH;), CH
A006 H A037 H H
A006 H A037 H CH,
A006 H A037 H CH,Ph
A006 H A037 H C(O)Ph
A006 H A038 H H
A006 H A038 H CH,
A006 H A038 H CH,Ph
A006 H A038 H C(O)Ph
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ja=jia=iianiacjias axiianjiasjias axilanjiasas ailaxjanan laxiasas

2,4-(CH;),
2,4-(CH;),
2,4-(CH;),
2,4-(CH;),
2,4-(CH;),
2,4-(CH;),
2,4-(CH;),
2,4-(CH;),
2,4-(CH;),
2,4-(CH;),

jasjaniaciianiianiiasjiasanlianjiasjias axlanjiosjios acianjiasjias Jaxiasasjasfaniiasfasjananiasflas anlanfas jas axlanfias jas Hasianjias Jas Jaxianas Jas Ja cia s as Jas]

A041
A041
A041
A041
A042
A042
A042
A042

2,4

2,4

2,4

jasj=cjiaxiianiiasjiasaxianiianiiasaniiax e

jasjia=ianianjiasaiiasjiasjias]

(CH3)2

jasjja=axianjiasjiasaies s

(CH3),

jasjia=iianianiiasaianiaxjiasaiasjas

(CH3)2

jasji=ciianiianiiasjiasaxiianiiasjias axilanjias jas aianjanjiasailanjanjas la e

jasjaniiasiianianiiasjias s

cH,
CH,Ph
C(O)Ph

cH,
CH,Ph
C(O)Ph

@]
Nigmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmm
=

C(0)Ph

cH,
CH,Ph
C(O)Ph

cH,
CH,Ph
C(O)Ph
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AD38
AD38
AD38
AD38
AD38
AD38
AD38
AD38
AD38
AD38
A041
A041
A041
A041
A041
A041
A041
A041
A041
A041
A041
A041
A041
A041
A041
A041
A041
A041
A041
A041
A041
A041
A041
A041
A041
AD42
AD42
AD42
AD42
AD42
AD42
AD42
AD42
AD42
AD42
AD42
AD42
AD42
AD42
AD42
AD42
AD42
AD42
AD42
AD42
AD42
AD42
AD42
AD42
AD42

A041
A041
A041
A041
A042
A042
A042
A042
A043
A044
A00S
A006
A006
A006
A006
A014
A016  2,4-(CH,),
A037
A037
A037
A037
A038
A038
A038
A038
A041
A041
A041
A041
A042
A042
A042
A042
A043
A044
A00S
A006
A006
A006
A006
A014
A016  2,4-(CH,),
A037
A037
A037
A037
A038
A038
A038
A038
A041
A041
A041
A041
A042
A042
A042
A042
A043
A044

j==jiy==iiya=iyax iy axias Ji i axiiax Jiy an i an R an i a i« Ji a=iian B} an i an i a n i a x Ji auiiif a xila  J au jasji== iy aniiias jias it an iy ax i axiiifaxias o i a wias Jian Ji a s o

jasjiya=iyaxiax o as B a xiau Jita  J axii  J) an i an J) a i a i« B axiiian JiY an i au R au Y awiiia x Ry a R an Y a n Y i« i} a i a Y s S = u i i a i an J au i n i au i a iy a Jy« Y awiiff axian Qi au i an Jau i au i} a Y« i a il a wi = i o a il au Jian i n o

jasjiya=iyaxilax i auias B axias Jiax JY a=iilax Ji an i an J an i a i« B a =i au]

H
cH,
CH,Ph
C(O)Ph
H
cH,
CH,Ph
C(O)Ph
H
H
H
H
cH,
CH,Ph
C(O)Ph
H
H
H
cH,
CH,Ph
C(O)Ph
H
cH,
CH,Ph
C(O)Ph
H
cH,
CH,Ph
C(O)Ph
H
cH,
CH,Ph
C(O)Ph
H
H
H
H
cH,
CH,Ph
C(O)Ph
H
H
H
cH,
CH,Ph
C(O)Ph
H
cH,
CH,Ph
C(O)Ph
H
cH,
CH,Ph
C(O)Ph
H
cH,
CH,Ph
C(O)Ph
H
H

The expression — indicates unsubstituted.
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TABLE 13

The locants for the substituents R**, R?! and R®! in the Table correspond
to the positions indicated in the following structural formulae.

RZI
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TABLE 13-continued TABLE 14
1 51 s1 5 The locants for the substituent R®! herein correspond to the positions
R R R R indicated in the following structural formulae, and the
expression — indicates unsubstituted.
H H H H 5 1 ,
H 4-CH,4 H H R R
H 4-t-Bu H H
H 4-t-Bu 4-CH, H N/ \
H 4-t-Bu H CH,4 0 Ny OR3
H 4-t-Bu 4-CH, CH,4
H 4-n-Hex H H
H 4n-Hex 4-Cl H HC CHs
H 4-n-Hex 4-Br H 2 Z I 6
H 4-n-Hex 4-CH, H 5 T R
H 4-n-Hex H CH, 3 5
H 4-n-Hex 4-CH, CH,4 4
H 4-n-Hex H CH,Ph Rl R
H 4-n-Hex H C(O)OEt
H 4-n-Hex H C(O)Ph 20 /
H 4-Ph H H N \
H 4-Ph 4-CH, H N OR?
H 4-Ph H CH,4
H 4-Ph 4-CH, CH, - -
4-F i1 i1 i1 25
2-cl H H H 27 0’
RSI
3-Cl H H H I
3 5
4-Cl i1 i1 i1 AN
4
4-Cl 4-t-Bu H H 10
4-Cl 4-+-Bu 4-CH, H H;C R?
4-ClL 4-n-Hex H H
4l 4-n-Hex 4l H / \
4-Cl 4-n-Hex 4-Br H NG N or?
4-Cl 4-n-Hex 4-CH, H 35
4-Cl 4-Ph H H
4-Cl 4-Ph 4-CH,4 H i-Pr i-Pr
4-Br i i i 2 = I 6
34-Cl, H H H 2 T R¥!
4-NO, H H H I
4-CN H H H 4
2-CH,4 H H H ;C R?
3-CH, H H H
4-CH, H H H 45 / \
4-CH, 4-t-Bu H H N
~ N OR3
4-CH, 4-t-Bu 4-CH, H
4-CH; 4-n-Hex H H
4-CH, 4-n-Hex 4-Cl H s
4-CH;, 4-n-Hex 4-Br H 2 / 6
4-CH, 4-n-Hex 4-CH, o Y
4-CH, 4-Ph H H 3 ! 5
4-CH, 4-Ph 4-CH, H 4
3,4-(CH H H H 55
( 3)2 Rl Rz (Z)m RSI RS
4-OCH, H H H
4-OCH, 4-t-Bu H H H H — H H
4-0CH, 4-n-Hex H H o I - I I
4-OCH; 4-n-Hex 4-Cl H 6 n-Bu H _ H H
4-OCH, 4-n-Hex 4-Br H c-Bu H — H H
n-Pen H — H H
4-OCH, 4-n-Hex 4-CH, H cPen H B H H
4-OCH, 4-Ph H H CF, H — H H
CF H — 4-CH H
3,4-(OCH;) H H H oF H sy cH
h H H H S - N N
4-P 65 CF, A00S - H H
CF, A006 — H H
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TABLE 15-continued

167
TABLE 14-continued

CF, A014 H H
CF, A016 2,4-(CHs), H H
CF, A036 H H H
CF, A037 — H H
CF, A038 — H H
CF, A041 — H H
CF, A042 — H H

CN H — H H
C(O)OFEt H — H H
Ph H — H H
(4-CH,)Ph H — H H
(4-i-Pr)Ph H — H H
(4-OCH,)Ph H — H H
(4-OCH,)Ph H — 4-CH, H

TABLE 15

The locants for the substituents R?! and R®! in the Table correspond
to the positions indicated in the following structural formulae, and the
expression — indicates unsubstituted.
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2 / 6
I_RSI
3. ! 5
4

R} (Z)m R2! R8! R3
H — H H H
Et — H H H
n-Pr — H H H
n-Bu — H H H
CF; — H H H
CF; — 4-CH; H H
CF, — 4-CH, 4-CH, H

CF; — 4-CH; 4-CH; CH;
CF; — 4-t-Bu H H
CF; — 4-n-Hex 4-CH; H

CF, — 4-n-Hex 4-CH, CH,
CF; — 4-Ph H H
CO,Et — H H H
A001 H H H H
A002 H H H H
A003 H H H H
A005 H H H H
A005 2,5-(CH;), H H H
A005 ,5-Cl, H H H
A005 2-Br H H H
A006 H H H H
A006 3-CH; H H H
A006 5-CH,3 H H H
A006 3-Cl H H H
A006 5-Et H H H
A006 5-Cl H H H
A006 5-Br H H H
A006 3-Br H H H
A006 4-Br H H H
A006 5-NO, H H H
A007 H H H H
A007 5-CH; H H H
A007 3-CH; H H H
A007 5-Br H H H
A007 5-NO, H H H
A007 5-Ph H H H
A008 5-CH; H H H
A009 5-CH,3 H H H
A010 3,5-(CHs), H H H
A010 3,5-Cl, H H H
A011 3,5-(CHs), H H H
A011 ,5-Cl, H H H
A012 3-CH; H H H
A012 3-CH; H H H
A012 3-Cl H H H
A013 3-CH,3 H H H
A013 3-CH; H H H
A013 3-Cl H H H
A014 H H H H
A015 H H H H
A016 2,4-(CH;), H H H
A017 2,4-(CH;), H H H
A034 H H H H
A034 3,6-Cl, H H H
A035 H H H H
A036 H H H H
A037 H H H H
A037 6-OCH; H H H
A037 6-Br H H H
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TABLE 15-continued
A038 H H H H
A038 2-OCH, H H H
A038 4-OCH, H H H
A038 4F H H H
EXAMPLES

Now, the present invention will be described in further
detail with reference to Synthetic Examples and Assay
Examples of the compounds of the present invention. How-
ever, it should be understood that the present invention is by
no means restricted by these specific Examples.

The compounds obtained in the Synthetic Examples were
identified by proton nuclear magnetic resonance (‘“H NMR)
by chemical shifts relative to tetramethylsilane (Me,Si) as the
standard.

Synthetic Examples
Synthetic Example 1

Synthesis of 4-(4-hexylphenyl)-3-isopropyl-1-(2-
methyl-1-p-tolylpropan-2-yl)-1H-pyrazol-5-ol
(Compound No. 3-07 of the Present Invention)

Step 1

Synthesis of
Triphenyl(t-butoxycarbonylimino)phosphorane

25 g(0.19 mol) of t-butylcarbazate was dissolved in 80 mL
of acetic acid and 160 mL of water, and 15 g (0.22 mol) of
sodium nitrite was added in small portions under cooling with
ice. The reaction solution was stirred for 30 minutes under
cooling with ice and extracted with 250 ml of diisopropyl
ether. The organic layer was washed with 200 mL of saturated
aqueous sodium hydrogen carbonate twice and with 100 mL
of saturated aqueous sodium chloride once successively,
dried over anhydrous sodium sulfate and filtered to give a
solution of t-butyl carbonazidate in diethyl ether.

To the solution of t-butyl carbonazidate in diethyl ether,
49.6 g (0.189 mol) of triphenylphosphine was added in small
portions under cooling with ice, and the reaction solution was
stirred at room temperature for 1 hour, and the precipitated
solid was collected by filtration, washed with 200 mL of
hexane and dried under reduced pressure to give 67 g of the
desired product as white crystals.

Step 2

Synthesis of t-Butyl
3-(trichloromethyl)-1,2-oxaziridine-2-carboxylate

20.0 g (53.0 mol) of triphenyl(t-butoxycarbonylimino)
phosphorane was suspended in 80 mL of toluene, mixed with
8.84 g (60.0 mmol) of anhydrous chloral and heated at 120°
C. for 4 hours under reflux. After cooling to room tempera-
ture, 300 mL of hexane was added, and the resulting white
solid was separated by filtration. The filtrate was concentrated
under reduced pressure. The resulting brown liquid was dis-
solved in 200 mL of chloroform, and simultaneous addition
of' 3.74 g (50.0 mmol) of potassium carbonate in 20 mL of
ice-cold water and 4.94 g (15 mmol) of OXONE
(2KHSO4.KHSO,.K,SO,, supplied from Du Pont) in 40 mL.
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of'ice-cold water and 1 hour of stirring under cooling with ice
were repeated three times. After removal of the aqueous layer,
simultaneous addition of aqueous potassium carbonate and
aqueous OXONE (2KHSO,.KHSO,.K,SO,, supplied from
Du Pont) and 1 hour of stirring under cooling with ice were
repeated three times, similarly. After removal of the aqueous
layer, simultaneous addition of aqueous potassium carbonate
and aqueous OXONE and 1 hour of stirring under cooling
with ice were repeated three times, similarly. After removal of
the aqueous layer, 11.2 g (150 mmol) of potassium carbonate
in 60 mL of ice-cold water and 14.8 g (45 mmol) of OXONE
in 120 mL of ice-cold water were added simultaneously, and
the reaction solution was stirred for 1 hour of stirring under
cooling with ice. After removal of the aqueous layer, aqueous
potassium carbonate and aqueous OXONE were simulta-
neously added, the reaction solution was stirred for 1 hour of
stirring under cooling with ice, similarly. After removal of the
aqueous layer, aqueous potassium carbonate and aqueous
OXONE were simultaneously added, the reaction solution
was stirred for 1 hour of stirring under cooling with ice,
similarly. After removal of the aqueous layer, the chloroform
layer was dried over anhydrous sodium sulfate and filtered,
and the filtrate was concentrated under reduced pressure. The
resulting residue was purified by silica gel column chroma-
tography using hexane-ethyl acetate {100:0 (volume ratio,
hereinafter the same applies) to 80:20} as the eluent to give
10.3 g of the desired product as a pale yellow oil.

Step 3

Synthesis of 2-chloro-N-(2-methyl-1-p-tolylpropan-
2-ylacetamide

8.21 g, (50 mmol) of 2-methyl-1-p-tolylpropan-2-ol and
12.0 mL of acetic acid were dissolved in 11.3 g (0.15 mol) of
chloroacetonitrile, mixed with 12.0 mL (0.15 mol) of sulfuric
acid under cooling with ice and stirred at room temperature
for 5 hours. The reaction solution was poured into 200 mL of
ice-cold water and extracted with diisopropyl ether. The
organic layer was washed with saturated aqueous sodium
hydrogen carbonate and saturated aqueous sodium chloride
successively, dried over anhydrous sodium sulfate and fil-
tered, and the filtrate was concentrated under reduced pres-
sure to give 10.8 g of the desired product as white crystals.

'H NMR (CDCl,, Me,Si, 300 MHz) & 7.11 (d, J=7.7 Hz,
2H), 7.03 (d, J=8.3 Hz, 2H), 6.24 (br, 1H), 3.94 (s, 2H), 2.98
(s, 2H). 2.33 (s, 3H), 1.37 (s, 6H) zz

Step 4
Synthesis of 2-methyl-1-p-tolylpropan-2-amine

6.24 g (26.0 mmol) of 2-chloro-N-(2-methyl-1-p-tolylpro-
pan-2-yl)acetamide and 1.98 g (26.0 mmol) of thiourea were
dissolved in 50 mL of ethanol, and 10.2 mL of acetic acid was
added dropwise at room temperature. After 3 hours of stirring
at 85° C., the resulting white suspension was allowed to cool
and diluted with 300 mL of water. The reaction solution was
basified with 20 wt % aqueous sodium hydroxide and
extracted with hexane, and the extract was washed with satu-
rated aqueous sodium chloride. The organic layer was con-
centrated under reduced pressure to give 4.04 g of the desired
product as a yellow green liquid.

'H NMR (CDCl;, Me,Si, 300 MHz) 8 7.02-7.13 (m, 4H),
2.61 (s, 2H), 2.33 (s, 3H). 1.18 (br, 2H), 1.16 (s, 6H)
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Step 5

Synthesis of t-butyl 2-(2-methyl-1-p-tolylpropan-2-
yDhydrazinecarboxylate

2.40 g (14.7 mmol) of separately prepared 2-methyl-1-p-
tolylpropan-2-amine was dissolved in 20 mL of methylene
chloride, and 2.60 g (10.0 mmol) of separately prepared t-bu-
tyl 3-(trichloromethyl)-1,2-oxaziridine-2-carboxylate in 10
ml of methylene chloride was added under cooling with ice.
The reaction solution was stirred under cooling with ice for 30
minutes and at room temperature for 1 hour, and the methyl-
ene chloride was removed under reduced pressure. The result-
ing residue was purified by silica gel column chromatography
using hexane-ethyl acetate (100:0 to 0:100) as the eluent to
give 1.61 g of the desired product as colorless crystals.

Step 6

Synthesis of
2-(4-hexylphenyl)-1-morpholinoethanethione

5.0 g (25 mmol) of 1-(4-hexylphenyl)ethanone was dis-
solved in 2.13 g (24.5 mmol) of morpholine and heated with
1.33 g (41.6 mmol) of sulfur at 115° C. for 5 hours under
reflux. After completion of the reaction, the reaction solution
was cooled to room temperature and mixed with methanol,
and the reaction product precipitated as crystals were col-
lected by filtration, washed and dried to give 4.50 g of the
desired product as pale yellow crystals.

'HNMR (CDCl;, Me,Si, 300 MHz) § 7.11~7.26 (m, 4H),
43~4.5 (m, 4H), 3.6~3.9 (m, 4H) 3.35~3.48 (m, 2H),
2.55~2.60 (m, 2H), 1.51~1.70 (m, 2H), 1.23~1.42 (m, 6H),
0.82~1.01 (m, 3H)

Step 7
Synthesis of 2-(4-hexylphenyl)acetic acid

12.0 g (39.3 mmol) of 1-(4-hexylphenyl)ethanone was dis-
solved in 23.6 g (393 mmol) of glacial acetic acid mixed with
4.95 g (275 mmol) of water and 5.79 g (58.9 mmol) of sulfuric
acid and heated at 150° C. for 6.5 hours under reflux. After
completion of the reaction, the reaction solution was diluted
with 400 mL of water and extracted with ethyl acetate. The
resulting organic layer was dried over anhydrous magnesium
sulfate and filtered, and the filtrate was concentrated under
reduced pressure. The resulting residue was purified by silica
gel column chromatography using ethyl acetate:hexane (1:20
to 1:4) as the eluent to give 5.74 g of the desired product as
white crystals.

'HNMR (CDCl,, Me,Si, 300 MHz) § 7.08~7.21 (m, 4H),
3.61 (s, 2H), 2.55~2.61 (m, 2H), 1.51~1.67 (m, 2H),
1.20~1.41 (m, 6H), 0.86~0.90 (m, 3H)

Step 8
Synthesis of ethyl 2-(4-hexylphenyl)acetate

5.5 g (25 mmol) of 2-(4-hexylphenyl)acetic acid was dis-
solvedin 11 mL of ethanol and mixed with 1.1 g (11.2 mmol)
of sulfuric acid and stirred at 60° C. for 1 hour. The reaction
was quenched with cold saturated aqueous sodium carbonate
(100 ml), and the reaction solution was extracted with ethyl
acetate. The organic layer was dried over anhydrous magne-
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sium sulfate and filtered, and the filtrate was concentrated
under reduced pressure to give 5.68 g of the desired product as
a pale yellow oil.

'"HNMR (CDCls, Me,Si, 300 MHz) § 7.06~7.22 (m, 4H),
4.14 (q, J=7.2 Hz, 2H), 3.57 (s, 2H), 2.58 (t, J=7.8 Hz, 2H),
1.50~1.65 (m, 2H), 1.1~1.4 (m, 6H), 1.25 (1, J=7.2 Hz, 3H),
0.82~0.92 (m, 3H)

Step 9

Synthesis of ethyl
2-(4-hexylphenyl)-4-methyl-3-oxopentanoate

6.0 g (24 mmol) of ethyl 2-(4-hexylphenyl)acetate was
dissolved in 130 mL of dry tetrahydrofuran under a nitrogen
atmosphere and cooled to -60° C. After addition of 31.8 mL
(36.2 mmol) of 1.14 M solution of lithiumdiisopropylamine
in hexane/tetrahydrofuran, the solution was warmed to 0° C.
and stirred for 1 hour. The reaction solution was cooled to
-60° C. again and stirred with 3.6 g (34 mmol) of isobutyryl
chloride at -60° C. to room temperature for 15 hours. The
reaction was quenched with saturated aqueous sodium hydro-
gen carbonate (150 ml), and the reaction solution was
extracted with ethyl acetate. The organic layer was dried over
anhydrous magnesium sulfate and filtered, and the filtrate was
concentrated under reduced pressure. The resulting residue
was purified by silica gel column chromatography using ethyl
acetate:hexane (0:100 to 1:9) as the eluent to give 5.39 gofthe
desired product as a pale yellow oil.

'"HNMR (CDCls, Me,Si, 300 MHz) § 7.11~7.33 (m, 4H),
4.84 (s, 1H), 4.19 (d, J=7.1 Hz, 2H), 2.67~2.81 (m, 1H), 2.59
(t,J=7.8 Hz,2H), 1.50~1.71 (m, 2H), 1.22~1.42 (m, 6H), 1.27
(d, J=7.1 Hz, 3H), 1.12 (d, J=6.8 Hz, 3H), 1.01 (d, J=6.8 Hz,
3H), 0.81~0.95 (m, 3H)

Step 10

Synthesis of 4-(4-hexylphenyl)-3-isopropyl-1-(2-
methyl-1-p-tolylpropan-2-yl)-1H-pyrazol-5-ol
(Compound No. 3-07 of the Present Invention)

200 mg (0.72 mmol) of t-butyl 2-(2-phenylpropan-2-yl)
hydrazinecarboxylate was dissolved in 3 mL of methylene
chloride and stirred with 251 mg (1.3 mmol) of paratoluene-
sulfonic acid monohydrate at room temperature for 23 hours.
The reaction solution was basified with saturated aqueous
sodium hydrogen carbonate (50 ml) and separated, and the
organic layer was dried over anhydrous sodium sulfate and
filtered. The filtrate was concentrated under reduced pressure.
Theresulting residue was dissolved in 0.80 mL of toluene and
35 ul of acetic acid and stirred with 226 mg (0.71 mmol) of
separately prepared ethyl 2-(4-hexylphenyl)-4-methyl-3-
oxopentanoate at 90° C. for 8 hours. The reaction solution
was cooled to room temperature, diluted with ethyl acetate,
washed with saturated aqueous sodium hydrogen carbonate,
dried over anhydrous sodium sulfate and filtered, and the
filtrate was concentrated under reduced pressure. The result-
ing residue was purified by intermediate pressure silica gel
column chromatography using hexane-ethyl acetate (1:20 to
1:3) as the eluent to give 130 mg of the desired product as a
pale yellow solid.

'"HNMR (CDCls, Me,Si, 300 MHz) § 7.18~7.42 (m, 4H),
7.00 (s, 4H), 3.21 (s, 2H), 3.16 (sep, J=7.2 Hz, 1H), 2.61 (t,
J=7.5Hz, 2H), 2.29 (s, 3H), 1.62 (s, 6H), 1.54~1.58 (m, 2H),
1.26~1.36 (m, 6H), 1.07 (d, J=7.2 Hz, 6H), 0.87~0.92 (m, 3H)
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Synthetic Example 2

Synthesis of 1-(2-methyl-1-phenylpropan-2-yl)-3-
phenyl-1H-pyrazol-5(4H)-one (Compound No. 3-16
of the Present Invention)

Step 1

Synthesis of 1-(2-methyl-1-phenylpropan-2-yl)-2-
(propan-2-ylidene)hydrazine

Acetone azine (1.50 g, 13.4 mmol) was dissolved in 10 mL,
of diethyl ether mixed with 32 mL (19.2 mmol) of 0.6 M
benzylmagnesium bromide in tetrahydrofuran and stirred at
45°C. for 24 hours. The reaction was quenched with saturated
aqueous ammonium chloride (100 ml), and the reaction solu-
tion was extracted with ethyl acetate. The resulting organic
layer was dried over anhydrous magnesium sulfate and fil-
tered, and the filtrate was concentrated under reduced pres-
sure. The resulting residue was purified by silica gel column
chromatography using hexane-ethyl acetate (9:1 to 6:1) as the
eluent to give 710 mg of the desired product as a pale yellow
oil.

'HNMR (CDCl,, Me,Si, 300 MHz) § 7.03~7.28 (m, 5SH),
4.2~4.4 (m, 1H), 2.78 (s, 2H), 1.99 (s, 3H), 1.62 (s, 3H), 1.18
(s, 6H)

Step 2

Synthesis of 1-(2-methyl-1-phenylpropan-2-yl)-3-
phenyl-1H-pyrazol-5(4H)-one (Compound No. 3-16
of the Present Invention)

500 mg (2.45 mmol) of 1-(2-methyl-1-phenylpropan-2-
y1)-2-(propan-2-ylidene)hydrazine was dissolved in 3.0 mL
of glacial acetic acid and mixed with 429 mg (2.23 mmol) of
ethyl 3-oxo-3-phenylpropanoate and stirred at 100° C. for 4
hours. The reaction solution was cooled to room temperature,
diluted with ethyl acetate, neutralized with saturated aqueous
sodium hydrogen carbonate (100 ml) and extracted with ethyl
acetate. The resulting organic layer was dried over anhydrous
sodium sulfate and filtered, and the filtrate was concentrated
under reduced pressure. The resulting residue was purified by
silica gel column chromatography using hexane-ethyl acetate
(100:1 to 9:1) as the eluent to give 330 mg of the desired
product as a pale orange solid.

'HNMR (CDCl,, Me, Si, 300 MHz) 8 7.12~7.62 (m, 10H),
3.59 (s, 2H), 3.19 (s, 2H), 1.59 (s, 6H)

Synthetic Example 3

Synthesis of 3-(2-methyl-1-phenylpropan-2-yl)-1-(2-
phenylpropan-2-yl)-1H-pyrazol-5(4H)-one (Com-
pound No. 3-04 of the Present Invention)

Step 1
Synthesis of 2,2-dimethyl-3-phenylpropanoic acid

Hexamethyldisilazane (34 g, 0.21 mol) was dissolved in
tetrahydrofuran (280 mL), and 1.67M n-butyllithium in hex-
ane (127 mL, 0.21 mol) was added dropwise at =78° C. The
reaction solution was warmed to 0° C. over 1 hour and then
cooled to —-78° C. again. Benzyl isobutyrate (25 g, 0.14 mol)
in tetrahydrofuran (70 mL) was added dropwise, and the
reaction solution was stirred at -78° C. for 1 hour. Chlorot-
rimethylsilane (36 mL., 0.12 mol) was further added dropwise
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at the same temperature, and the reaction solution was stirred
for 1 hour, then warmed to room temperature and stirred for
19 hours. After completion of the reaction, the solvent was
partially removed from the reaction solution under reduced
pressure, and the resulting white suspension was diluted with
hexane (200 mL) and filtered through Celite under a nitrogen
atmosphere to remove the white solid from the reaction solu-
tion. The filtrate was distilled under reduced pressure, and the
resulting pale yellow oil was heated at 100° C. for 2 hours to
give a brown oil. The brown oil was mixed with 10m[. of 1 M
hydrochloric acid and stirred at 60° C. for 4 hours, neutralized
with saturated aqueous sodium hydrogen carbonate and
extracted with ethyl acetate (100 m[.x2) and chloroform (100
ml.x2). The resulting organic layer was concentrated, and the
resulting residue was purified by intermediate pressure silica
gel column chromatography (silica gel 80 g, ethyl acetate
100%) to give 8.41 g of the desired product as white crystals.

'H NMR (CDCl,, Me,Si, 300 MHz) & 7.20-7.30 (m, 3H),
7.16 (d, J=7.1 Hz, 2H), 2.89 (s, 2H), 1.21 (s, 6H)

Step 2

Synthesis of 2,2-dimethyl-3-phenylpropanoyl
chloride

To 2,2-dimethyl-3-phenylpropanoic acid (4.0 g, 0.023
mol) thionyl chloride (2.97 g, 0.025 mol) was added in small
portions at room temperature, and the resulting solution was
stirred at 70° C. for 3 hours, then at room temperature for
another 15 hours. The reaction solution was fractionally dis-
tilled (113-115° C., 5 mmHg) to give 2.89 g of the desired
product as a colorless liquid.

'"H NMR (CDCl,, Me,Si, 300 MHz) 8 7.20-7.30 (m, 3H),
7.18 (d, J=7.1 Hz, 2H), 2.97 (s, 2H), 1.28 (s, 6H)

Step 3

Synthesis of ethyl
4,4-dimethyl-3-0x0-5-phenylpentanoate

Ethyl 3-oxobutanoate (1.09 g, 8.3 mmol) in methylene
chloride (16 ml) was mixed with anhydrous magnesium
chloride (158 mg, 1.66 mmol), and the reaction solution was
cooled to 0° C. and mixed with pyridine (1.34 ml, 16.6
mmol), stirred for 30 minutes, then mixed with 2,2-dimethyl-
3-phenylpropanoyl chloride (1.64 g, 8.3 mmol) and stirred for
another 30 minutes at the same temperature. The reaction
solution was warmed to room temperature and stirred for 20
hours. The methylene chloride was distilled off under reduced
pressure, and the residue was with ethanol (2 mL) and at room
temperature for 2 days and with toluene (2 mL) at 60° C. for
5 hours. After completion of the reaction, the reaction solu-
tion was washed with saturated aqueous sodium hydrogen
carbonate and extracted with ethyl acetate (50 mL.x2). The
solvent was removed from the resulting organic layer under
reduced pressure, and the resulting brown oil was purified by
intermediate pressure silica gel column chromatography
(silica gel 12 g, ethyl acetate:hexane=1:19 to 1:9) to give 370
mg of the desired product as a light brown oil.

'H NMR (CDCl,, Me,Si, 300 MHz) & 7.18-7.32 (m, 3H),
7.10 (d, I=7.1 Hz, 2H), 4.18 (q, J=7.1 Hz, 3H), 3.46 (s, 2H),
2.83 (s, 2H), 1.29 (1, I=7.1 Hz, 3H), 1.15 (s, 6H)

Step 4
Synthesis of 3-(2-methyl-1-phenylpropan-2-yl)-1-(2-

phenylpropan-2-yl)-1H-pyrazol-5(4H)-one (Com-
pound No. 3-04 of the Present Invention)

tert-Butyl 2-(2-phenylpropan-2-ylhydrazinecarboxylate
(250 mg, 1.00 mmol) was dissolved in methylene chloride (2
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ml), mixed with p-toluenesulfonic acid monohydrate (0.40
g, 2.1 mmol) and stirred at room temperature for 16 hours.
After the stirring, the reaction solution was washed with
saturated aqueous sodium hydrogen carbonate to terminate
the reaction and then separated. The organic layer was
washed with saturated aqueous sodium chloride, dried over
anhydrous sodium sulfate and filtered, and the filtrate was
concentrated under reduced pressure. The resulting residue
was dissolved in toluene (3.0 mL) and acetic acid (70 uL.), and
mixed with ethyl 4,4-dimethyl-3-0x0-5-phenylpentanoate
(248 mg, 1.00 mmol) and stirred at 90° C. for 3 hours. After
completion of the reaction, the reaction solution was cooled
to room temperature and mixed with ethyl acetate. The result-
ing organic layer was washed with saturated aqueous sodium
hydrogen carbonate and then with saturated aqueous sodium
chloride, dried over anhydrous sodium sulfate and filtered,
and the filtrate was concentrated under reduced pressure. The
resulting residue was purified by intermediate pressure silica
gel column chromatography (silica gel 12 g, ethyl acetate:
hexane=1:9 to 3:7) to give 42 mg of the desired product as a
brown oil.

'"H NMR (CDCl;, Me,Si, 300 MHz) § 7.15-7.34 (m, 8H),
6.98-7.10 (m, 2H), 3.08 (s, 2H), 2.79 (s, 2H)., 1.84 (s, 6H),
1.18 (s, 6H)

Synthetic Example 4

Synthesis of 5-methoxy-3-phenyl-1-(2-phenylpro-
pan-2-yl)-1H-pyrazole (Compound No. 3-13 of the
Present Invention) and 5-methoxy-4-methyl-3-phe-

nyl-1-(2-phenylpropan-2-yl)-1H-pyrazole (Com-
pound No. 3-14 of the Present Invention)

3-Phenyl-1-(2-phenylpropan-2-yl)-1H-pyrazol-5-0l ~ (83
mg, 0.30 mmol) was dissolved in N,N-dimethylformamide
(3.0mL), and 55 wt % sodium hydride (suspended in mineral
oil) (26 mg, 0.60 mmol) was added at room temperature.
After 1 hour of stirring at room temperature, methyl iodide
(18 uL, 0.30 mmol) was added dropwise, and the reaction
solution was stirred at the same temperature for 18 hours. The
reaction was quenched with water, and the reaction solution
was extracted with ethyl acetate (10 mLL.x2). The organic layer
was washed with saturated aqueous sodium chloride (10 mL)
and dried over anhydrous sodium sulfate and concentrated
under reduced pressure. The resulting residue was purified by
intermediate pressure silica gel column chromatography
(silica gel 12 g, hexane 100%) to give 35 mg of 5-methoxy-
3-phenyl-1-(2-phenylpropan-2-yl)-1H-pyrazole as a color-
less solid and 10 mg of 5-methoxy-4-methyl-3-phenyl-1-(2-
phenylpropan-2-yl)-1H-pyrazole as a colorless oil,
respectively.

5-methoxy-3-phenyl-1-(2-phenylpropan-2-yl)-1H-
pyrazole

'H NMR (CDCl,, Me,Si, 300 MHz) & 7.83 (d, ]=7.4 Hz,
2H), 7.38 (t, ]=7.4 Hz, 2H), 7.15-7.33 (m, 4H), 7.08 (d, I=7.1
Hz, 2H), 5.91 (s, 1H), 3.60 (s, 3H), 1.98 (s, 6H)

5-methoxy-4-methyl-3-phenyl-1-(2-phenylpropan-2-
yD)-1H-pyrazole

'H NMR (CDCl;, Me,Si, 300 MHz) & 7.73 (d, I=7.4 Hz,
2H), 7.41 (t, J=7.4 Hz, 2H), 7.16-7.36 (m, 4H), 3.16 (s, 3H),
2.10 (s, 3H), 1.98 (s, 6H)
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Synthetic Example 5

Synthesis of 1-(1-(4-bromophenyl)-2-methylpropan-
2-y1)-3-isopropyl-1H-pyrazol-5(4H)-one (Compound
No. 3-12 of the Present Invention)

To 1-(2,2-dimethyl-1,1-diphenylpropyl)-2-(propan-2-
ylidene)hydrazine (147 mg, 0.500 mmol) in tetrahydrofuran
(5 mL), 1.61 M n-butylithium in hexane (0.37 mL, 0.60
mmol) was added dropwise at =78° C., and after 1 hour of
stirring at the same temperature, p-bromobenzyl bromide
(125 mg, 0.50 mmol) was added dropwise. The reaction solu-
tion was stirred at the same temperature for 1 hour, warmed to
room temperature and stirred at room temperature for 18
hours. The reaction solution was quenched with saturated
aqueous sodium hydrogen carbonate and extracted with ethyl
acetate (10 mLx3). The resulting organic layer was concen-
trated under reduced pressure, and the resulting residue was
dissolved in 2 mL of ethanol, mixed with trifluoroacetic acid
(1 mL) and stirred at room temperature for 24 hours. After the
stirring, the reaction solution was mixed with concentrated
hydrochloric acid (3 mL) and stirred at 80° C. for 5 hours.
After the stirring, the reaction solution was neutralized with
saturated aqueous sodium hydrogen carbonate and extracted
with methylene chloride. The resulting organic layer was
washed with saturated aqueous sodium chloride, dried over
anhydrous sodium sulfate and filtered, and the filtrate was
concentrated under reduced pressure. The resulting residue
was dissolved in toluene (3.0 mL) and acetic acid (70 pL),
mixed with methyl isobutyrylacetic acid (72 mg, 0.50 mmol)
and stirred at 90° C. for 3 hours. The reaction solution was
allowed to cool to room temperature, diluted with ethyl
acetate and washed with saturated aqueous sodium hydrogen
carbonate and then with saturated aqueous sodium chloride,
dried over anhydrous sodium sulfate and filtered, and the
filtrate was concentrated under reduced pressure. The result-
ing residue was purified by intermediate pressure silica gel
column chromatography (silica gel 12 g, ethyl acetate:hex-
ane=1:9 to 3:7) to give 15 mg of the desired product as a
brown oil.

'"H NMR (CDCl,, Me,Si, 300 MHz) 8 7.35 (d, J=8.6 Hz,
2H), 6.98 (d, J=8.6 Hz, 2H), 3.14 (s, 2H), 3.06 (s, 2H), 2.59
(sep, I=6.8 Hz, 1H), 1.50 (s, 6H), 1.10 (d, J=7.1 Hz, 6H)

Synthetic Example 6

Synthesis of ethyl 5-hydroxy-3-isopropyl-1-(2-phe-
nylpropan-2-yl)-1H-pyrazole-4-carboxylate (Com-
pound No. 4-27 of the Present Invention)

3-Isopropyl-1-(2-phenylpropan-2-yl)-1H-pyrazol-5(4H)-

one (1.22 g, 5.00 mmol) and calcium hydroxide (435 mg, 7.50
mmol) were suspended in dioxane (20 mL), heated to 45° C.
and stirred for 1 hour. After the stirring, the reaction solution
was allowed to cool to room temperature, and after dropwise
addition of ethyl chloroformate (597 mg, 5.50 mmol), stirred
at 90° C. for 6 hours. After completion of the reaction, the
resulting light brown suspension was poured into ice-cold 3
M hydrochloric acid and extracted with chloroform (20
ml.x5). The resulting organic layer was washed with 0.06 M
hydrochloric acid (50 mI.x2), dried over anhydrous sodium
sulfate and filtered, and the filtrate was concentrated under
reduced pressure. The resulting residue was purified by inter-
mediate pressure silica gel column chromatography (silica
gel 40 g, ethyl acetate:hexane=1:19 to 1:9) to give 650 mg of
the desired product as a yellow oil.
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'H NMR (CDCl,, Me,Si, 300 MHz) 6 9.71 (s, 1H), 7.13-
7.33 (m, 3H)., 7.05-7.12 (m, 2H), 4.31 (q, J=7.1 Hz, 2H), 3.23
(sep., J=6.9 1z, 1H), 1.94 (s, 6H), 1.36 (t, 7.3 Hz, 3H), 1.30 (d,
J=6.8 Hz, 6H)

Synthetic Example 7

Synthesis of methyl 2-(5-0x0-1-(2-phenylpropan-2-
yD)-4,5-dihydro-1H-pyrazol-3-yl)acetate (Compound
No. 4-01 of the Present Invention)

tert-Butyl 2-(2-phenylpropan-2-yDhydrazinecarboxylate
(250 mg, 1.00 mmol) was dissolved in methylene chloride (2
ml), mixed with p-toluenesulfonic acid monohydrate (0.40
g, 2.1 mmol) and stirred at room temperature for 18 hours.
The reaction solution was basified with saturated aqueous
sodium hydrogen carbonate and separated. The organic layer
was washed with saturated aqueous sodium chloride, dried
over anhydrous sodium sulfate and filtered, and the filtrate
was concentrated under reduced pressure. The resulting resi-
due was dissolved in toluene (2.0 mL) and acetic acid (70 uL.),
mixed with dimethyl 1,3-acetonedicarboxylate (174 mg, 1.00
mmol) and stirred at 90° C. for 3 hours and at 105° C. for 3
hours. After completion of the reaction, the reaction solution
was allowed to cool to room temperature and diluted with
ethyl acetate. The organic layer was washed with saturated
aqueous sodium hydrogen carbonate and then with saturated
aqueous sodium chloride, dried over anhydrous sodium sul-
fate and filtered, and the filtrate was concentrated under
reduced pressure. The resulting residue was purified by inter-
mediate pressure silica gel column chromatography (silica
gel 12 g, ethyl acetate:hexane=1:9 to 3:7) to give 96.3 mg of
the desired product as a white solid.

'H NMR (CDCl;, Me,Si, 300 MHz) § 7.18-7.34 (m, 5SH),
3.75 (s, 3H), 3.48 (s, 2H), 3.41 (s, 2H), 1.87 (s, 6H)

Synthetic Example 8

Synthesis of 4-bromo-3-isopropyl-1-(2-methyl-1-
phenylpropan-2-yl)-1H-pyrazol-5(4H)-one (Com-
pound No. 3-47 of the Present Invention)

3-Isopropyl-1-(2-methyl-1-phenylpropan-2-yl)-1H-pyra-
zol-5(4H)-one (1.2 g, 4.6 mmol) was dissolved in N,N-dim-
ethylformamide (35 mL), mixed with N,N-bromosuccinim-
ide (908 mg, 5.10 mmol) and stirred at room temperature for
30 minutes. The reaction solution was extracted with ethyl
acetate. The organic layer was dried over anhydrous magne-
sium sulfate and filtered, and the filtrate wa concentrated
under reduced pressure. The resulting residue was purified by
suspending in hexane to give 1.26 g of the desired product as
a pale blue solid.

'"H NMR (CDCl;, Me,Si, 300 MHz) § 7.06-7.29 (m, 5H),
4.64 (s,1H),3.12(d,J=13.4Hz, 1H),3.03 (d,J=13.4 Hz, 1H),
2.73-2.88 (m, 1H), 1.53 (s, 3H), 1.52 (s, 3H), 1.16 (d, I=6.9
Hz, 3H), 1.13 (d, J=7.2 Hz, 3H)

Synthetic Example 9

Synthesis of methyl 4-(5-hydroxy-3-isopropyl-1-(2-
methyl-1-phenylpropan-2-yl)-1H-pyrazol-4-yl)ben-
zoate (Compound No. 4-23 of the Present Invention)

4-Bromo-3-isopropyl-1-(2-methyl-1-phenylpropan-2-yl)-
1H-pyrazol-5-yl benzoate (360 mg, 0.82 mmol) in 1,2-
dimethoxyethane (4.8 ml) was mixed with 4-(methoxycarbo-
nyl)phenylboronic acid (164 mg, 0.911 mmol), tetrakis
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(triphenylphosphine)palladium (80 mg, 0.07 mmol) and 2 M
aqueous sodium carbonate (3.6 ml) and stirred at 86° C. for 16
hours under a nitrogen atmosphere. After completion of the
reaction, the 1,2-dimethoxyethane was distilled off under
reduced pressure, and the reaction solution was extracted
with dichloromethane. The organic layer was dried over
anhydrous magnesium sulfate and filtered, and the filtrate was
purified by intermediate pressure silica gel column chroma-
tography (silica gel 12 g, ethyl acetate:hexane=1:20to 1:4) to
give 100 mg of the desired product as a pale yellow solid
mixture of tautomers.

'H NMR (CDCl,, Me,Si, 300 MHz) & 8.0-8.1 (m, 2H),
7.6-7.7 (m, 2H), 7.15-7.3 (m, 3H), 7.05-7.15 (m, 2H), 6.37
(br, 1H),3.92 (s, 3H),3.27 (s, 2H), 3.12-3.19 (m, 1H), 1.65 (s,
6H), 1.08 (d, I=7.2 Hz, 6H)

'H NMR (CDCl,, Me,Si, 300 MHz) & 8.0-8.1 (m, 2H),
7.6-7.7 (m, 2H), 7.15-7.3 (m, 3H), 7.05-7.15 (m, 2H), 4.2-4.3
(m, 1H),3.92 (s,3H), 3.1-3.2 (m, 2H), 2.35-2.5 (m, 1H), 1.65
(s, 6H), 0.95-1.05 (m, 6H)

Synthetic Example 10

Synthesis of (5-hydroxy-3-isopropyl-1-(2-methyl-1-
phenylpropan-2-yl)-1H-pyrazol-4-yl)(phenyl )metha-
none (Compound No. 4-71 of the Present Invention)

Step 1

Synthesis of 4-bromo-3-isopropyl-1-(2-methyl-1-
phenylpropan-2-yl)-1H-pyrazol-5-yl benzoate

4-Bromo-3-isopropyl-1-(2-methyl-1-phenylpropan-2-yl)-
1H-pyrazol-5(4H)-one (3.00 g, 8.90 mmol) was dissolved in
39 mL of tetrahydrofuran and cooled with ice to 0° C., and
after dropwise addition of 1.80 g (17.8 mmol) of triethy-
lamine and 1.38 g (9.82 mmol) of benzoyl chloride, stirred at
room temperature for 3 hours under a nitrogen atmosphere.
The reaction was quenched with distilled water, and the reac-
tion solution was extracted with ethyl acetate. The organic
layer was dried over anhydrous sodium sulfate and filtered,
and the filtrate was concentrated under reduced pressure. The
resulting residue was purified by silica gel column chroma-
tography (silica gel 12 g, ethyl acetate:hexane=1:20) to give
3.34 g of the desired product as a yellow oil.

'"H NMR (CDCl,, Me,Si, 300 MHz) 8 7.98-8.05 (m, 2H),
7.62-7.70 (m, 1H), 7.44-7.56 (m, 2H), 7.18-7.26 (m, 3H),
6.78-6.88 (m, 2H), 3.07 (s, 2H), 2.92-3.06 (m, 1H), 1.56 (s,
6H), 1.29 (d, I=6.9 Hz, 6H)

Step 2

Synthesis of (5-hydroxy-3-isopropyl-1-(2-methyl-1-
phenylpropan-2-yl)-1H-pyrazol-4-yl)(phenyl )metha-
none (Compound No. 4-71 of the Present Invention)

1.60 g (3.63 mmol) of 4-bromo-3-isopropyl-1-(2-methyl-
1-phenylpropan-2-yl)-1H-pyrazol-5-ylbenzoate was dis-
solved in 16 mL of tetrahydrofuran and cooled with a coolant
(acetone/dry ice) to —=60° C., and after dropwise addition of
2.60 ml (4.24 mmol) of 1.63 M n-butyllithium in n-hexane,
stirred at 72° C. for 4 hours under a nitrogen atmosphere. The
reaction was quenched with distilled water, and the reaction
solution was extracted with ethyl acetate. The organic layer
was dried over anhydrous magnesium sulfate and filtered, and
the filtrate was concentrated under reduced pressure. The
resulting residue was purified by silica gel column chroma-



US 9,212,348 B2

179

tography (silica gel 12 g, ethyl acetate:hexane=1:20) to give
520 mg of the desired product as a yellow oil.

'H NMR (CDCl;, Me,Si, 300 MHz) § 7.15-7.63 (m, 8H),
6.90-6.98 (m, 2H), 3.17 (s, 2H), 2.60-2.74 (m, 1H), 1.64 (s,
6H), 0.96 (d, I=6.9 Hz, 6H)

Synthetic Example 11

4-(4-Hexylphenyl)-5-hydroxy-1-(2-methyl-1-(p-
tolyl)propan-2-yl)-1H-pyrazole-3-carbonitrile (Com-
pound No. 4-86 of the Present Invention)

Step 1

Synthesis of ethyl 4-(4-hexylphenyl)-5-(meth-
oxymethoxy)-1-(2-methyl-1-(p-tolyl)propan-2-y1)-
1H-pyrazole-3-carboxylate

152 mg (0.329 mol) of ethyl 4-(4-hexylphenyl)-5-hy-
droxy-1-(2-methyl-1-(p-tolyl)propan-2-yl)-1H-pyrazole-3-
carboxylate was dissolved in 1.6 mL of N,N-dimethylforma-
mide, mixed with 26 mg (0.65 mmol) of 60 wt % sodium
hydride (suspended in mineral oil) and 0.050 mL (0.66 mmol)
of chloromethyl methyl ether under cooling with ice succes-
sively and stirred at room temperature for 3 hours. After
completion of the reaction, the reaction mixture was diluted
with diethyl ether and washed with 1 M hydrochloric acid,
with saturated aqueous sodium hydrogen carbonate and with
saturated aqueous sodium chloride successively. The organic
layer was dried over anhydrous sodium sulfate and filtered,
and the filtrate was concentrated under reduced pressure to
give the desired product (crude yield 174 mg).

Step 2

Synthesis of 4-(4-hexylphenyl)-5-(meth-
oxymethoxy)-1-(2-methyl-1-(p-tolyl)propan-2-yl)-1
H-pyrazole-3-carboxylic acid

Ethyl 4-(4-hexylphenyl)-5-(methoxymethoxy)-1-(2-me-
thyl-1-(p-tolyl)propan-2-y1)-1H-pyrazole-3-carboxylate
(138 mg) was dissolved in 2 mL of tetrahydrofuran and 0.7
ml of methanol, mixed with 0.27 mL (1.4 mmol) of 5 M
aqueous sodium hydroxide and stirred at room temperature
for 20 hours. After completion of the reaction, the reaction
mixture was diluted with methylene chloride and washed
with saturated aqueous ammonium chloride. The organic
layer was dried over anhydrous sodium sulfate and filtered,
and the filtrate was concentrated under reduced pressure to
give the desired product (crude yield 142 mg).

Step 3

Synthesis of 4-(4-hexylphenyl)-5-(meth-
oxymethoxy)-1-(2-methyl-1-(p-tolyl)propan-2-y1)-
1H-pyrazole-3-carboxamide

4-(4-Hexylphenyl)-5-(methoxymethoxy)-1-(2-methyl-1-
(p-tolyD)propan-2-yl)-1H-pyrazole-3-carboxylic acid (142
mg) was dissolved in 1.4 mL of ethanol and mixed with 125
mg (0.407 mmol) of (4.6-dimethoxyl,3,5-triazin-2-yl)-4-
methylmorphlinium chloride with a 90% purity. The reaction
solution was stirred at room temperature for 30 minutes and
stirred with 0.54 mL (1.1 mmol) of 2 M ammonia in ethanol
for 1.5 hours. After completion of the reaction, the solvent
was distilled off under reduced pressure, and ethyl acetate
was added. The organic layer was washed with saturated
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aqueous sodium hydrogen carbonate and with saturated aque-
ous sodium chloride successively, dried over anhydrous
sodium sulfate and filtered, and the filtrate was concentrated
under reduced pressure to give Compound 5 (crude yield 171
mg) as a white amorphous substance.

Step 4

Synthesis of 4-(4-hexylphenyl)-5-(meth-
oxymethoxy)-1-(2-methyl-1-(p-tolyl)propan-2-y1)-
1H-pyrazole-3-carbonitrile

171 mg of 4-(4-hexylphenyl)-5-(methoxymethoxy)-1-(2-
methyl-1-(p-tolyl)propan-2-yl)-1H-pyrazole-3-carboxamide
was dissolved in 2 mL. of methylene chloride and mixed with
0.3 mL (2 mmol) of triethylamine. The reaction solution was
cooled to 0° C. in an ice bath, and after dropwise addition of
0.080 mL (0.72 mmol) of trichloroacetyl chloride at room
temperature for 1.5 hours. After completion of the reaction,
the reaction mixture was mixed with methylene chloride and
washed with saturated aqueous sodium hydrogen carbonate
and with saturated aqueous sodium chloride successively.
The organic layer was dried over anhydrous sodium sulfate
and filtered, and the filtrate was concentrated under reduced
pressure to give the desired product (crude yield 266 mg).

Step 5

Synthesis of 4-(4-hexylphenyl)-5-hydroxy-1-(2-me-
thyl-1-(p-tolyl)propan-2-yl)-1H-pyrazole-3-carboni-
trile (Compound No. 4-86 of the Present Invention)

266 mg of 4-(4-hexylphenyl)-5-(methoxymethoxy)-1-(2-
methyl-1-(p-tolyl)propan-2-yl)-1H-pyrazole-3-carbonitrile
was dissolved in 4 mL of tetrahydrofuran and 0.8 mL of
methanol, mixed with 4 M hydrochloric acid in dioxane (0.70
ml, 2.8 mmol) and stirred at room temperature for 14 hours.
After completion of the reaction, the solvent was partly dis-
tilled off under reduced pressure, and the crystals precipitated
in the reaction mixture were separated by filtration and
washed with isopropyl ether. The filtrate was combined with
the isopropyl ether washing and concentrated under reduced
pressure, and the resulting residue was purified by interme-
diate pressure silica gel column chromatography (silica gel
10 g, ethyl acetate:hexane=0:100 to 20:80) to give 88.1 mg of
the desired product as a white solid.

m.p. 140-142° C.

Synthetic Example 12

1-(5-Hydroxy-3-isopropyl-1-(2-methyl-1-phenylpro-
pan-2-y1)-1H-pyrazol-4-yl)ethanone O-methyl oxime
(Compound No. 4-89 of the Present Invention)

150 mg (0.50 mmol) of 1-(5-hydroxy-3-isopropyl-1-(2-
methyl-1-phenylpropan-2-yl)-1H-pyrazol-4-yl)ethanone,
209 mg (2.50 mmol) of methoxyamine hydrochloride and
286 mg (3.49 mmol) of sodium acetate were mixed with 1.3
ml of distilled water and 1.3 ml of ethanol and stirred at room
temperature for 16 hours. After completion of the reaction,
the reaction solution was extracted with ethyl acetate. The
organic layer was dried over anhydrous magnesium sulfate
and filtered, and the filtrate was concentrated under reduced
pressure. The resulting residue was purified by silica gel
column chromatography (silica gel 4 g, ethyl acetate:hex-
ane=1:99) to give 70 mg of the desired product as an orange
oil.
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'H NMR (CDCl,, Me,Si, 300 MHz) 8 7.12-7.22 (m, 3H),
6.84-6.95 (m, 2H), 3.87 (s, 3H), 3.16 (s, 2H), 2.98-3.12 (m,
1H), 2.25 (s, 3H), 1.57 (s, 6H), 1.21 (d, J=6.8 Hz, 6H)

Synthetic Example 13

4-(4-Hexylphenyl)-1-(2-methyl-1-(p-tolyl)propan-2-
yD)-1H-pyrazol-5-ol (Compound No. 4-90 of the
Present Invention)

Step 1

Synthesis of ethyl
3-(dimethylamino)-2-(4-hexylphenyl)acrylate

0.50 g (2.0 mmol) of ethyl 2-(4-hexylphenyl)acetate was
dissolved in 7 mL. of N,N-dimethylformamide, mixed with
0.31 mL (2.3 mmol) of N,N-dimethylformamide dimethyl
acetal and stirred at 60° C. for 18 hours. After the stirring, the
reaction mixture was further mixed with 0.65 mL (4.9 mmol)
of N,N-dimethylformamide dimethyl acetal and stirred at 60°
C. for 24 hours. After completion of the reaction, the reaction
mixture was diluted with diethyl ether and washed with satu-
rated aqueous sodium hydrogen carbonate and with saturated
aqueous sodium chloride successively. The organic layer was
dried over anhydrous sodium sulfate and filtered, and the
filtrate was concentrated under reduced pressure to give the
desired product as a brown liquid.

Step 2

Synthesis of 4-(4-hexylphenyl)-1-(2-methyl-1-(p-
tolyl)propan-2-yl)-1H-pyrazol-5-o0l (Compound No.
4-90 of the Present Invention)

Ethyl 3-(dimethylamino)-2-(4-hexylphenyl)acrylate and
0.50 g (1.8 mmol) of tert-butyl 2-(2-methyl-1-(p-tolyl)pro-
pan-2-yhhydrazinecarboxylate were dissolved in 2 mL of
acetic acid and stirred at 90° C. for 24 hours. After the stirring,
the reaction mixture was mixed with 0.5 mL ofacetic acid and
stirred for 48 hours. After completion of the reaction, the
reaction mixture was cooled to room temperature, diluted
with diethyl ether and washed with distilled water, with satu-
rated aqueous sodium hydrogen carbonate and with saturated
aqueous sodium chloride successively. The organic layer was
dried over anhydrous sodium sulfate and filtered, and the
filtrate was concentrated under reduced pressure. The result-
ing residue was purified by intermediate pressure silica gel
column chromatography (silica gel 30 g, ethyl acetate:hex-
ane=0:100 to 35:65). The resulting solid was washed with
isopropyl ether to give 164 mg of the desired product as a
white solid.

m.p. 149-151° C.

Synthetic Example 14

Synthesis of tert-butyl 2-(2-methyl-1-(4-(trifluorom-
ethyl)phenyl)propan-2-yl)hydrazinecarboxylate

Step 1

Synthesis of 1-(2-azido-2-methylpropyl)-4-(trifluo-
romethyl)benzene

25 g (0.12 mol) of 4-trifluoromethylphenyl acetate was
mixed with 300 mL of ethanol and concentrated sulfuric acid
(95%, 5 mL) and stirred at 40° C. for 16 hours. After comple-
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tion of the reaction, ethanol was distilled off under reduced
pressure, and the reaction solution was diluted with ethyl
acetate and washed with distilled water, with saturated aque-
ous sodium hydrogen carbonate and with saturated aqueous
sodium chloride successively. The organic layer was dried
over anhydrous sodium sulfate and filtered, and the filtrate
was concentrated under reduced pressure to give 27.9 g of
crude ethyl 2-(4-(trifluoromethyl)phenyl)acetate.

27.9 g of ethyl 2-(4-(trifluoromethyl)phenyl)acetate was
dissolvedin 150 mL. of dry tetrahydrofuran, and 280 mL. (0.28
mol) of 0.99 M methylmagnesium bromide in tetrahydrofu-
ran was added dropwise under cooling with ice under a nitro-
gen atmosphere. The reaction mixture was stirred at room
temperature for 2 hours, and after the stirring, the reaction
was quenched with distilled water. The organic layer was
washed with 1 M hydrochloric acid, with saturated aqueous
sodium hydrogen carbonate and with saturated aqueous
sodium chloride successively, dried over anhydrous sodium
sulfate and filtered, and the filtrate was concentrated under
reduced pressure to give 26.3 g of crude 2-methyl-1-(4-(trif-
luoromethyl)phenyl)propan-2-ol.

26.3 g of 2-methyl-1-(4-(trifluoromethyl)phenyl)propan-
2-0l was dissolved in 400 mL. of methylene chloride, and 25
mL (0.19 mol) of trimethylsilyl azide and 24 mL. (0.19 mol) of
boron trifluoride diethyl etherate complex were added drop-
wise under cooling with ice. The reaction mixture was stirred
at room temperature for 20 hours. After completion of the
reaction, the reaction mixture was washed with saturated
aqueous sodium hydrogen carbonate and with saturated aque-
ous sodium chloride successively, dried over anhydrous
sodium sulfate and filtered, and the filtrate was concentrated
under reduced pressure to give 25.4 g of the desired product.

Step 2

Synthesis of 2-methyl-1-(4-(trifluoromethyl)phenyl)
propan-2-amine

25.4 g of 1-(2-azido-2-methylpropyl)-4-(trifltuoromethyl)
benzene was dissolved in 210 mL. of ethyl acetate and mixed
with 0.84 g of 20 wt % palladium hydroxide carbon. The
atmosphere in the reaction vessel was replaced with hydrogen
gas, and the reaction solution was stirred at room temperature
for 18 hours. After completion of the reaction, the palladium
hydroxide carbon was filtered off, and the filtrate was mixed
with 3 M hydrochloric acid and separated. The aqueous layer
was basified with 5 M sodium hydroxide and extracted with
methylene chloride. The organic layer was concentrated
under reduced pressure to give 4.27 g of the desired product as
a brown liquid.

'"H NMR (CDCls, Me,Si, 300 MHz) 8 7.56 (d, J=8.3 Hz,
2H), 7.31 (d, I=8.1 Hz, 2H), 2.72 (s, 2H), 1.2-1.5 (m, 2H),
1.32 (s, 6H)

Step 3

Synthesis of tert-butyl 2-(2-methyl-1-(4-(trifluorom-
ethyl)phenyl)propan-2-yl)hydrazinecarboxylate

4.2 g of 2-methyl-1-(4-(trifluoromethyl)phenyl)propan-2-
amine was dissolved in 30 ml. of methylene chloride and
mixed with 5.6 g (21 mmol) of separately prepared t-butyl
3-(trichloromethyl)-1,2-oxaziridine-2-carboxylate ~ under
cooling with ice. The reaction solution was stirred at room
temperature for 30 minutes, washed with 10% aqueous citric
acid, with saturated aqueous sodium hydrogen carbonate and
with saturated aqueous sodium chloride successively and
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dried over anhydrous sodium sulfate, and methylene chloride
was removed under reduced pressure. The resulting residue
was purified by intermediate pressure silica gel column chro-
matography (silica gel 100 g, ethyl acetate:hexane) to give
1.38 g of the desired product as a white solid.

'H NMR (CDCl;, Me,Si, 300 MHz) 8 7.54 (d, ]=8.3 Hz,
2H), 7.30 (d, J=8.2 Hz, 2H), 5.8-6.0 (m, 1H), 2.74 (s, 2H),
1.46 (s, 9H), 1.4-1.5 (m, 1H), 1.03 (s, 6H)

Synthetic Example 15

Synthesis of tert-butyl
2-(1-benzylcyclopropyl)hydrazinecarboxylate

Step 1
Synthesis of 1-benzylcyclopropanamine

4.5 g (38 mmol) of phenylacetonitrile was dissolved in 50
mL of tetrahydrofuran, mixed with 12.4 mL (41.9 mmol) of
tetraisopropyl propylorthotitanate and 78 mL (76 mmol) of
0.98M ethylmagnesium bromide in tetrahydrofuran and
stirred at room temperature for 1 hour. After the stirring, 9.6
ml (78 mmol) of boron trifluoride ethyl etherate complex
was added, and the reaction solution was stirred at room
temperature for another 1 hour. After completion of the reac-
tion, 2 M aqueous sodium hydroxide was added, and the
reaction solution was extracted with diethyl ether. After addi-
tion of 3 M hydrochloric acid, the organic layer was sepa-
rated. The resulting aqueous layer was basified with 5 M
aqueous sodium hydroxide and extracted with methylene
chloride.

The solvent was removed from the organic layer under
reduced pressure to give 3.28 g of the desired product.

'H NMR (CDCl;, Me,Si, 300 MHz) 8 7.2-7.4 (m, 5H),
2.75 (s, 2H), 1.4-1.6 (m, 2H), 0.6-0.7 (m, 4H)

Step 2

Synthesis of tert-butyl
2-(1-benzylcyclopropyl)hydrazinecarboxylate

10.6 g (72.0 mmol) of 1-benzylcyclopropanamine was dis-
solved in 90 mL of methylene chloride, mixed with 14.3 g
(54.5 mmol) of separately prepared-butyl 3-(trichlorom-
ethyl)-1,2-oxaziridine-2-carboxylate under cooling with ice,
and stirred at room temperature for 30 minutes. After comple-
tion of the reaction, methylene chloride was distilled off
under reduced pressure, and the resulting residue was purified
by silica gel column chromatography (silica gel 350 g, ethyl
acetate:hexane=1:20) to give 4.6 g of the desired product as a
brown solid.

'H NMR (CDCl;, Me,Si, 300 MHz) 8 7.2-7.4 (m, 5H),
5.8-6.0 (m, 1H), 3.9-4.2 (m, 1H), 2.87 (s, 2H), 1.45 (s, 9H),
0.75-0.85 (m, 2H), 0.5-0.55 (m, 2H)

Synthetic Example 16

Synthesis of tert-butyl
2-(3-benzylpentan-3-yl)hydrazinecarboxylate

Step 1
Synthesis of 3-benzylpentan-3-amine

3.0 g (26 mmol) of phenylacetonitrile was dissolved in 50
mlL of tetrahydrofuran and mixed with 8.3 mL (28 mmol) fo
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titanium isopropoxide, and 115 ml (104 mmol) of 0.90
Methylmagnesium bromide in tetrahydrofuran was added
dropwise under a nitrogen atmosphere. After 1 hour of stir-
ring, the reaction was quenched by adding water dropwise
under cooling with ice. The reaction mixture was diluted with
ethyl acetate and separated. After addition of 1 M hydrochlo-
ric acid, the organic layer was separated. The aqueous layer
was basified with 5 M aqueous sodium hydroxide and
extracted with methylene chloride. The methylene chloride
layer was concentrated under reduced pressure to give the
desired product (crude yield 2.68 g).

'H NMR (CDCl,, Me,Si, 300 MHz) 8 7.1-7.5 (m, 5H),
2.64 (s, 2H), 1.2-1.5 (m, 6H), 0.91 (t, J=7.5 Hz, 6H)

Step 2

Synthesis of tert-butyl
2-(3-benzylpentan-3-yl)hydrazinecarboxylate

2.68 g of 3-benzylpentan-3-amine was dissolved in 20 mL
of methylene chloride, mixed with 4.8 g (18 mmol) of sepa-
rately prepared t-butyl 3-(trichloromethyl)-1,2-oxaziridine-
2-carboxylate under cooling with ice, and stirred at room
temperature for 30 minutes, and the reaction solution was
washed with 10% aqueous citric acid, with saturated aqueous
sodium hydrogen carbonate and with saturated aqueous
sodium chloride successively and dried over anhydrous
sodium sulfate, and methylene chloride was removed under
reduced pressure. The resulting residue was purified by inter-
mediate pressure silica gel column chromatography (silica
gel 30 g, ethyl acetate:hexane=0:100 to 20:80) to give 1.62 g
of the desired product as a light brown solid.

'H NMR (CDCl;, Me,Si, 300 MHz) 8 7.1-7.4 (m, 5H),
5.5-5.7 (br, 1H), 3.6-3.8 (Br, 1H), 2.66 (s, 2H), 1.55 (s, 9H),
1.3-1.5 (m, 4H), 0.93 (t, I=7.5 Hz, 6H)

Synthetic Example 17

Synthesis of ethyl
2-(furan-2-yl)-4-methyl-3-oxopentanoate

Step 1
Synthesis of 2-(furan-2-yl)acetic acid

25 g (0.25 mmol) of furfuryl alcohol was dissolved in 250
ml of tetrahydrofuran, mixed with 8.7 mL of phosphorus
tribromide under cooling with ice and stirred at the same
temperature for 90 minutes. After completion of the reaction,
the reaction solution was diluted with diethyl ether and
washed with distilled water, and the organic layer was washed
with saturated aqueous sodium hydrogen carbonate and with
saturated aqueous sodium chloride successively, dried over
anhydrous magnesium sulfate and filtered. The filtrate was
concentrated under reduced pressure to give crude 2-(bro-
momethyl)furan.

2-(Bromomethyl)furan was dissolved in 125 mL of N,N-
dimethylformaide, mixed with 13.7 g (0.280 mmol) of
sodium cyanide and stirred at room temperature for 11 hours.
After the stirring, the reaction solution was mixed with 100
mL of N,N-dimethylformamide and 13.7 g (0.280 mmol) of
sodium cyanide and stirred for another 8 hours. After comple-
tion of the reaction, the reaction solution was diluted with
diethyl ether and washed with distilled water. The organic
layer was washed with saturated aqueous sodium hydrogen
carbonate and with saturated aqueous sodium chloride, dried
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over anhydrous sodium sulfate and filtered, and the filtrate
was concentrated under reduced pressure to give crude 2-(fu-
ran-2-yl)acetonitrile.

2-(Furan-2-yl)acetonitrile was suspended in 300 mL of
distilled water, mixed with 50 g (0.89 mmol) of potassium
hydroxide and heated for 4 hours under reflux. After comple-
tion of the reaction, the reaction solution was diluted with
diethyl ether and separated. The resulting aqueous layer was
acidified with concentrated hydrochloric acid and extracted
with ethyl acetate. The organic layer was washed with satu-
rated aqueous sodium chloride, dried over anhydrous magne-
sium sulfate and filtered, and the filtrate was concentrated
under reduced pressure to give 25.2 g of the desired product.

Step 2

Synthesis of ethyl 2-(furan-2-yl)acetate

24 .8 gof 2-(furan-2-yl)acetic acid was dissolved in 590 mL.
of N,N-dimethylformamide and mixed with 32.6 g (0.236
mol) of potassium carbonate and 6.42 g (19.7 mmol) cesium
carbonate successively. The reaction mixture was further
mixed with 19 mL (0.24 mol) of iodoethane under cooling
with ice and stirred at room temperature for 14 hours. After
completion of the reaction, the reaction mixture was diluted
with distilled water and extracted with ethyl acetate. The
organic layer was washed with saturated aqueous sodium
chloride, dried over anhydrous sodium sulfate and filtered,
and the filtrate was concentrated under reduced pressure to
give 17.0 g of the desired product as a brown liquid.

Step 3

Synthesis of ethyl
2-(furan-2-yl)-4-methyl-3-oxopentanoate

To 60 mL of tetrahydrofuran and 9.3 mL (66 mmol) of
diisopropylamine, 38 ml (60 mmol) of 1.57 M n-butyl-
lithium in n-hexane was added dropwise under a nitrogen
atmosphere under cooling with ice, and the reaction mixture
was warmed to room temperature and stirred for 30 minutes.
After the stirring, the reaction mixture was cooled to -78° C.,
and after dropwise addition of 4.62 g (30.0 mmol) of ethyl
2-(furan-2-yl)acetate, stirred at the same temperature for 1
hour. After the stirring, 3.8 mL (36 mmol) of isobutyryl chlo-
ride was added at -78° C., and the reaction mixture was
gradually warmed and then stirred at room temperature for 15
hours. After completion of the reaction, the reaction mixture
was diluted with saturated aqueous ammonium chloride
under cooling with ice and extracted with ethyl acetate. The
organic layer was washed with saturated aqueous sodium
hydrogen carbonate and with saturated aqueous sodium chlo-
ride successively, dried over anhydrous magnesium sulfate
and filtered, and the filtrate was concentrated under reduced
pressure. The resulting residue was purified by intermediate
pressure silica gel column chromatography (silica gel 30 g,
ethyl acetate:hexane=1:10) to give 22 g of the desired product
as an orange liquid.

"HNMR (CDCl,, Me,Si, 300 MHz) § 13.5 (s, 1H), 7.4-7.5
(m, 1H), 6.35-6.45 (m, 1H), 6.1-6.2 (m, 1H), 4.19 (q, I=7.1
Hz, 2H), 2.4-2.6 (m, 1H), 1.22 (t, J=7.1 Hz, 3H), 1.11 (d,
7=6.9 Hz, 6H)
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Synthetic Example 18

Synthesis of O-hexylhydroxylamine
Step 1

Synthesis of 2-(hexyloxy)isoindoline-1,3-dione

3.0 g (18 mmol) of N-hydroxysuccinimide was dissolved
in 30 mL of N,N-dimethylformamide, mixed with 0.81 g (20
mmol) of 60 wt % sodium hydride (dispersed in mineral oil)
under cooling with ice and stirred at room temperature for 30
minutes. After the stirring, 2.8 mL (20 mmol) of bromohex-
ane and 35 mg (0.23 mmol) of sodium iodide were added
dropwise successively under cooling with ice, and the reac-
tion mixture was stirred at 70° C. for 20 hours. After comple-
tion of the reaction, the reaction mixture was poured into
ice-cold water, and the solid precipitated in the reaction mix-
ture was collected by filtration and dried to give 5.82 g of the
desired product as a white solid.

Step 2

Synthesis of O-hexylhydroxylamine

5.82 g of 2-(hexyloxy)isoindoline-1,3-dione was dissolved
in 95 ml of methanol, mixed with 3.0 mL (62 mmol) of
hydrazine monohydrate and stirred at 65° C. for 30 minutes.
After completion of the reaction, the solid precipitated in the
reaction mixture was collected by filtration and washed with
methylene chloride. The filtrate was combined with the meth-
ylene chloride washings and concentrated under reduced
pressure and distilled by simple distillation (column top 110°
C.) to give a mixture of the desired product and hydrazine.
The mixture was diluted with diethyl ether, washed with
distilled water, dried over anhydrous sodium sulfate and fil-
tered, and the filtrate was concentrated under reduced pres-
sure to give 0.76 g of the desired product as a colorless liquid.

'H1 NMR (CDCl,, Me,Si, 300 MHz) 8 5.84 (s, 2H), 3.49 (t.
J=6.6 Hz, 3H), 1.4-1.6 (m, 2H), 1.2-1.4 (m, 6H), 0.86 (1, I=6.6
Hz, 3H)

The compounds of the present invention other than those
mentioned above can be obtained in accordance with the
previously mentioned processes and the Examples. Com-
pounds obtained in the same manners as in Synthetic
Examples 1 and 2 are listed in Tables 16 to 20 together with
those obtained in the Examples. However, the present inven-
tion is not restricted thereto.

In the Tables, Et denotes ethyl group, and similarly, n-Pr
and Pr-n denote normal propyl group, i-Pr and Pr-1 denote
isopropyl group, c¢-Pr and Pr-c denote cyclopropyl group,
n-Bu and Bu-n denote normal butyl group, s-Bu and Bu-s
denote secondary butyl group, i-Bu and Bu-I denote isobutyl
group, t-Bu and Bu-t denote t-butyl group, c¢-Bu and Bu-c
denote cyclobutyl group, n-Pen and Pen-n denote normal
pentyl group, c-Pen and Pen-c denote cyclopentyl group,
n-Hex and Hex-n denote normal hexyl group, c-Hex and
Hex-c denote cyclohexyl group, and Ph denotes phenyl
group.

In Table 16, Table 17, Table 18, Table 19 and Table 20,
“No.” means the numbers by which compounds of the present
invention are designated.
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TABLE 16 TABLE 17-continued
Rl RZ Rl RZ
A : A
e OR?
s 10
I_ RSI
3 X I 5
4
No. R! R? R? rst P No. R! R2 R? RS!
1-01 CH, H H H 2-14 (4-CH3)Ph Ph H H
1-02 CH, CH, H H 2-15 (4-Cl)Ph Ph H H
1-03 CH, n-Hex H H 2-16  (3,4-(OCHs),)Ph Ph H H
1-04 CH; PhCH, H H 2-18 pyridin-2-yl Ph H H
1-06 Ph Ph H H 20 2-19 CH, (4-CH3)Ph H H
1-07 n-Pr Ph H H 2-20 CH, (2-CH3)Ph H H
1-11 CH, Ph H H 2-21 CH, {3,4-(CH;),}Ph H H
3-01 4-(OCH3)Ph H H H 2-22 CH, (4-Ph)Ph H H
3-02 i-Pr H H H 2-23 CH, (4-t-Bu)Ph H H
3-03 Ph H H H 2-24 CH; naphthalen-1-yl H H
3-04  1,1-(CH,),-2-Ph—FEt H H H 55 225 CH, (4-n-Hex)Ph H H
3-08 i-Pr (4-n-Hex)Ph H H 2-28 CHj (4-OCH;3)Ph H H
3-13 Ph H CH,4 H 2-29 CH; benzo[d][1,3]dioxol-5-yl H H
3-14 Ph CH, CH, H 2-30 CH, {4-O(CH,),OEt}Ph H H
3-27 c-Pr (4-n-Hex)Ph H H 2-31 CH, (4-Cl)Ph H H
3-28 i-Pr (4-n-Hex)Ph H 4-Cl 2-32 CH; (3,4-Cl,)Ph H H
3-29 c-Pr (4-n-Hex)Ph H 4-Cl 39 233 CH; thiophen-2-yl H H
3-30 (4-Ph)Ph (4-n-Hex)Ph H 4-Cl 2-34 i-Pr (4-CH3)Ph H H
3-31 (4-Ph)Ph n-Hex H 4-Cl 2-35 i-Pr (2-CH3)Ph H H
3-32 (4-t-Bu)Ph (4-n-Hex)Ph H 4-Cl 2-36 i-Pr {3,4-(CH3),}Ph H H
4-01 CH,C(O)OCH, H H H 2-37 i-Pr (4-Ph)Ph H H
4-12 i-Pr n-Pr o o 2-38 i-Pr (4-t-Bu)Ph H H
4-13 (4-Ph)Ph (4-n-Hex)Ph H H 35 2-39 i-Pr naphthalen-1-yl H H
4-14 (4-Ph)Ph n-Hex H H 2-40 i-Pr (4-n-Hex)Ph H H
4-15 (4-t-Bu)Ph (4-n-Hex)Ph H H 243 i-Pr (4-OCH,)Ph H H
4-16 (4-t-Bu)Ph n-Hex H H 2-44 }—Pr benzo[d][1,3]dioxol-5-yl H H
2-45 i-Pr {4-O(CH,),0Et}Ph H H
4-17 (4-t-Bu)Ph n-Hex H 4-Cl .
427 i-Pr C(O)OEt H H 2-46 i-Pr (4-ChPh H H
2-47 i-Pr (3,4-Cl,)Ph H H
40 2-48 i-Pr thiophen-2-yl H H
2-49 CH, (4-CF3)Ph H H
2-50 i-Pr (4-CF3)Ph H H
TABLE 17 3-05 i-Pr H H 4-CH,4
3-06  (4-OCH;)Ph H H 4-CH,4
R! R? 3-07 i-Pr (4-n-Hex)Ph H 4-CH,
45 309 CF; H H 4-CH,4
3-10  1,1-(CHz)»-2- H H 4-CH,4
Ph—FEt
3-11 Ph H H 4-CH,
3-12 i-Pr H H 4-Br
3-16 Ph H H H
s ¥17 i-Pr H H H
3-18 i-Pr (4-n-Hex)Ph H 2-CH,
3-19 i-Pr H H 3-CH,
3-20 i-Pr (4-n-Hex)Ph H 3-CH,
3-21 i-Pr (4-n-Hex)Ph PhC(O)  3-CH,
3-22 i-Pr H H 4-t-Bu
3-23 i-Pr (4-n-Hex)Ph PhC(O) 4-t-Bu
55 333 i-Pr (4-n-Hex)Ph H 4-Cl
A 5 3 s1 3-34 c-Pr (4-n-Hex)Ph H 4-Cl
No. R R R R 3.35 i-Pr n-Pr H 4-l
3-36 (4-Ph)Ph (4-n-Hex)Ph H 4-Cl
112 CHs Ph 0 0 337 (4tBwPh {4-n-Hex)Ph H 4-Cl
2-01 CH, H H H :
2.02 CH, CH, u u 3-38 i-Pr (4-n-Hex)Ph H 4-OCH,4
203 CH, n-Hex H H 60  3-39 c-Pr (4-n-Hex)Ph H 4-OCHj;
204 CcH, PhCH, I - 3-40 (4-Ph)Ph (4-n-Hex)Ph H 4-OCHj,
2:05 CF, Ph b1 b1 3-41 (4-t-Bu)Ph (4-n-Hex)Ph H 4-OCH;3
2-06 Ph Ph H H 3-43 i-Pr H PhC(O) 4-t-Bu
2-07 n-Pr Ph H H 3-44 i-Pr n-Pr H H
2-09 i-Pr Ph H H 3-45 (4-t-Bu)Ph n-Hex H H
2-10 ¢-Pr Ph H H 65 3-46 i-Pr Br H 3-CH,
2-12 n-Bu Ph H H 3-47 i-Pr Br H H
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TABLE 17-continued TABLE 19
R! R? R! R?
5 / \
N
\N OR3
10
RS
No. R! R’ R? R®
15 4-28 i-Pr (4-n-Hex)Ph H naphthalen-1-yl
No. R! R2 R3 RS! 4-29 i-Pr (4-n-CgH,;7-)Ph  H naphthalen-1-yl
4-30 i-Pr (4-c-Hex)Ph H naphthalen-1-yl
3-48 i-Pr (4-n-Hex)Ph H 4-n-Hex 4-31 i-Pr furan-2-yl H naphthalen-1-yl
349 i-Pr H PhC(O) H 4-32 n-Hex (4-n-Hex)Ph H naphthalen-1-yl
4-03 i-Pr (4-n-Hex)Ph CH, 4-n-Hex 20 4-33 c-Hex (4-n-Hex)Ph H naphthalen-1-yl
4-18 (4-Ph)Ph n-Hex H A4-Cl 4-34  furan-2-yl (4-n-Hex)Ph H naphthalen-1-yl
4-19 (4-t-Bu)Ph n-Hex H 4-Cl 4-35 i-Pr (4-n-Hex)Ph H thiophen-2-yl
4-20 (4-Ph)Ph n-Hex H 4-OCH, 4-36 i-Pr (4-0-CgH,7»)Ph  H thiophen-2-y!
4-21 (4-t-Bu)Ph n-Hex H 4-OCH, 4-37 i-Pr (4-c-Hex)Ph ~ H thiophen-2-yl
4-22 i-Pr n-Pr H 4-OCH, 4-38 i-Pr furan-2-yl H thiophen-2-yl
4-23 i-Pr (4-C(O)OMe)Ph CH, H 25 4-39 n-Hex (4-n-Hex)Ph H thiophen-2-yl
4-56 i-Pr (4-n-CgH,,)Ph H 4-CH, 4-40 c-Hex (4-n-Hex)Ph H thiophen-2-yl
4-57 i-Pr (4-c-Hex)Ph H 4-CH, 4-41  furan-2-yl (4-n-Hex)Ph H thiophen-2-yl
4-58 i-Pr furan-2-yl H 4-CH, 4-42 i-Pr (4-n-Hex)Ph H 1-adamantyl
4-59 n-Hex (4-n-Hex)Ph H 4-CH, 4-43 i-Pr (4-n-CgH,;7)Ph  H 1-adamanty!
4-60 c-Hex (4-n-Hex)Ph H 4-CH; 30 444 i-Pr (4-c-Hex)Ph H 1-adamantyl
4-61 furan-2-yl (4-n-Hex)Ph H 4-CH; 4-45 i-Pr furan-2-yl H 1-adamantyl
4-62 i-Pr (4-n-Hex)Ph H C(O)OEt 4-46 n-Hex (4-n-Hex)Ph H 1-adamantyl
4-71 i-Pr C(O)Ph H H 4-47 c-Hex (4-n-Hex)Ph H 1-adamantyl
4-72 (2,4-F,)Ph (4-n-Hex)Ph H 4-CH, 4-48  furan-2-yl (4-n-Hex)Ph H 1-adamantyl
4-73 C(O)OEt (4-n-Hex)Ph H 4-CH; 35 4-80 i-Pr (4n-Hex)Ph  H 2,3-dihydro-1H-inden-5-yl
4-74 i-Pr (4-n-Hex)Ph H 4-CF; 4-81 (2,4F,)Ph  (4n-Hex)Ph  H 2,3-dihydro-1H-inden-5-yl
4-75 (24-F,)Ph (4-n-Hex)Ph H 4-CF, 4-82  C(O)OEt (4-n-Hex)Ph H 2,3-dihydro-1H-inden-5-yl
4-76 C(O)OEt (4-n-Hex)Ph o 4-CF,
483 i-Pr (4-n-Hex)Ph o 24-F,
4-84 (2,4-F,)Ph (4-n-Hex)Ph o 24-F, 40
4-85 C(O)OEt (4-n-Hex)Ph H 24-F, TABLE 20
4-86 CN (4-n-Hex)Ph o 4-CH, R R
4-88 i-Pr C(O)CH, o o
4-89 i-Pr C(NOCH,3)CH; H H /
4-90 o (4-n-Hex)Ph o 4-CH, 45 N \
491 i-Pr C(NO-n-Hex)CH, H H N OR3
R* R
TABLE 18
50
R! R2
N/ \ No. R! R? R3 R4 R®
Ny OR? 55 -
4-49 i-Pr (4-n-Hex)Ph H —CH,CH,__
4-50 i-Pr (4-n-Oct)Ph H —CH,CH,__
4-51 i-Pr (4-c-Hex)Ph H —CH,CH,__
4-52 i-Pr furan-2-yl H —CH,CH,__
RS AN 4-53 n-Hex (4-n-Hex)Ph H —CH,CH,__
R’ R8! 4-54 c-Hex (4-n-Hex)Ph H —CH,CH,__
60 4-55  furan-2yl (4n-Hex)Ph  H —CH,CH,
F 4-87 i-Pr (4-n-Hex)Ph H  GCHs GCH,
No. R! R? R? R® R” R¥
- Next, the physical properties such as proton nuclear mag-
3-24 i-Pr H H CH, H H . . h . .
3.25 it (4n-HexPh H CH, I 65 netic resonance (1H NMR) chemical shifts or melting points

of'the compounds listed in Tables 16 to 20 are shown in Table
21.
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As compounds having a hydrogen atom as R are known to

have a tautomeric structure P-1, P-2 or P-3 depending on the

1 RZ

'HNMR measuring conditions, for these compounds, the 'H

R
NMR measuring conditions, the structures of the tautomers / \ / H
and the mixing ratio of the tautomers, in the case of tauto- 5 N N HN
N OH —/—= >y 0 —=
R

meric mixtures, are shown in Table 21 as well as the physical N N O
properties.

'H NMR was measured by using tetramethylsilane R* RS R* RS 4 RS
(Me4Si) as the standard under the following conditions (i)~ X\RS X\RS X\RS
(iii). 10
(1); solvent CDCl;, 300 MHz. Pb-1 b2 P-3
(i1); solvent DMSO-d6, 300 MHz.

(iii); solvent DMSO-d6, 400 MHz.
TABLE 21
measuring
No. conditions tautomers mixing ratio 1H NMR chemical shift or melting point
1-01 (i) P-2 87.2-7.4 (m, 5H), 3.22 (s, 2H), 2.07 (s, 3H), 1.87 (s, 6H)
1-02 (i) P-2 87.2-7.4 (m, 5H), 3.00 (q, J = 8.0 Hz, 1H), 2.03 (s, 3H), 1.91 (s, 6H), 1.30 (d,
J=17.7 Hz, 3H)
1-03 (ii) mixture of P-1 9 9.33 (s, 1H), 6.8-7.5 (m, 5H), 2.1-2.3 (m, 2H), 2.03 (s, 3H), 1.80 (s, 6H), 1.1-
and P-3 6:4 1.4 (m, 8H), 0.8-0.9 (m, 3H)
89.49.5 (br, 1H), 6.8-7.5 (m, 5H), 2.1-2.3 (m, 2H), 2.03 (s, 3H), 1.74 (s, 6H),
1.1-1.4 (m, 8H), 0.8-0.9 (m, 3H)
1-04 (i) P-2 8 6.8-7.4 (m, 10H), 2.9-3.7 (m, 3H), 1.4-2.2 (m, 9H)
1-06 ii) P-1 89.89 (s, 1H), 7.0-7.5 (m, 15H), 1.96 (s, 6H)
1-07  (ii) mixture of P-1 9 9.66 (s, 1H), 6.9-7.6 (m, 10H), 2.5-2.6 (m, 2H), 1.8-2.0 (m, 6H), 1.4-1.7 (m,
and P-37:3  2H),0.8-1.0 (m, 3H)
810.27 (s, 1H), 6.9-7.6 (m, 10H), 2.6-2.7 (m, 2H), 1.8-2.0 (m, 6H), 1.4-1.7 (m,
2H), 0.8-1.0 (m, 3H)
1-11 m.p. 224 to 225° C.
1-12 m.p. 188 to 189° C.
2-01 (i) P-2 87.1-7.3 (m, 5H), 3.17 (s, 2H), 3.11 (s, 2H), 2.01 (s, 3H), 1.50 (s, 6H)
2-02 (i) P-2 87.0-7.3 (m, 5H), 2.8-3.3 (m, 3H), 1.2-2.1 (m, 12H)
2-03 (i) P-2 87.0-7.3 (m, 5H), 3.19 (d, ] = 13.2 Hz, 1H), 3.06 (d, J = 13.2 Hz, 1H), 2.97
(t, 7= 5.7 Hz, 1H), 1.98 (s, 3H), 1.49 (s, 6H), 0.8-1.4 (m, 13H)
2-04  (iii) mixture of P-1 9 10.04 (s, 1H), 7.0-7.4 (m, 8H), 6.8-6.9 (m, 2H), 3.67 (s, 2H), 3.15 (s, 2H), 1.77
and P-35:5 (s, 3H), 1.48 (s, 6H)
89.43 (s, 1H), 7.0-7.4 (m, 8H), 6.8-6.9 (m, 2H), 3.46 (s, 2H), 3.21 (s, 2H), 1.90
(s, 3H), , 1.40 (s, 6H)
2-05 (ii) P-1 8 10.96 (s, 1H), 7.3-7.6 (m, 5H), 7.1-7.3 (m, 3H), 6.9-7.0 (m, 2H), 3.23 (s , 2H),
1.59 (s, 6H)
2-06  (ii) P-1 810.14 (s, 1H), 7.1-7.5 (m, 13H), 6.9-7.1 (m, 2H), 3.24 (s, 2H), 1.61 (s, 6H)
2-07  (ii) mixture of P-1 9 9.89 (s, 1H), 6.8-7.6 (m, 10H), 3.26 (s, 2H), 2.3-2.5 (m, 2H), 1.52 (s, 6H), 1.3-
and P-35:5 1.5 (m, 2H), 0.7-0.9 (m, 3H)
89.84 (s, 1H), 6.8-7.6 (m, 10H), 3.17 (s, 2H), 2.3-2.5 (m, 2H), 1.49 (s, 6H), 1.3-
1.5 (m, 2H), 0.7-0.9 (m, 3H)
2-09  (ii) mixture of P-1 9 9.79 (s, 1H), 7.3-7.5 (m, 4H), 7.1-7.3 (m, 4H), 6.8-6.9 (m, 2H), 3.14 (s, 2H), 2.87
and P-37:3  (sep,J = 6.9 Hz, 1H), 1.53 (s, 6H), 1.02 (d, ] = 6.8 Hz, 6H)
89.39 (s, 1H), 7.3-7.5 (m, 4H), 7.1-7.3 (m, 4H), 7.0-7.1 (m, 2H), 3.20 (s, 2H), 2.8-
3.1 (m, 1H), 1.53 (s, 6H), 1.06 (d, ] = 7.1 Hz, 6H)
2-10 (ii) mixture of P-1 8 9.95 (s, 1H), 7.51 (d, J = 6.9 Hz, 2H), 7.3-7.5 (m, 3H), 7.1-7.3 (m, 3H), 6.8-
and P-37:3 6.9 (m, 2H), 3.14 (s, 2H), 1.6-1.8 (m, 1H), 1.49 (s, 6H), 0.6-0.7 (m, 4H)
89.19 (s, 1H), 7.75 (d, ] = 7.4 Hz, 2H), 7.3-7.5 (m, 3H), 7.1-7.3 (m, 3H), 7.0-
7.1 (m, 2H), 3.21 (s, 2H), 1.8-2.0 (m, 1H), 1.46 (s, 6H) 0.8-0.9 (m, 4H)
2-12 (ii) mixture of P-1 9 9.90 (s, 1H), 6.8-7.6 (m, 10H), 3.25 (s, 2H), 2.42 (t, = 7.6 Hz, 2H), 1.52
and P-35:5 (s, 6H),, 1.1-1.5 (m, 4H), 0.7-0.9 (m, 3H)
89.84 (s, 1H), 6.8-7.6 (m, 10H), 3.17 (s, 2H), 2.42 (t, ] = 7.6 Hz, 2H), 1.49
(s, 6H), 1.1-1.5 (m, 4H), 0.7-0.9 (m, 3H)
2-14  (ii) P-1 89.9-10.2 (br, 1H), 6.9-7.4 (m, 14H), 3.24 (s, 2H), 2.24 (s, 3H), 1.59 (s, 6H)
2-15 (ii) P-1 810.25 (s, 1H), 7.1-7.5 (m, 12H), 6.9-7.1 (m, 2H), 3.24 (s, 2H), 1.60 (s, 6H)
2-16  (ii) P-1 810.11 (s, 1H), 6.6-7.4 (m, 13H), 3.71 (s, 3H), 3.48 (s, 3H), 3.24 (s, 2H), 1.59 (s, 6H)
2-18  (ii) P-1 810.22 (s, 1H), 8.36 (d, ] = 4.7 Hz, 1H), 7.69 (t, ] = 7.8 Hz, 1H), 7.42
(d,T=8.0 Hz, 1H), 7.1-7.4 (m, 9H), 6.99 (d, J = Hz, 2H) 3.27 (s, 2H),
1.61 (s, 6H)
2-19  (ii) mixture of P-1 9 9.97 (s, 1H), 6.9-7.6 (m, 9H), 3.19 (s, 2H), 2.31 (s, 3H), 2.04 (s, 3H), 1.46 (s, 6H)
and P-35:5  §9.89 (s, 1H), 6.9-7.6 (m, 9H), 3.28 (s, 2H), 2.31 (s, 3H), 2.15 (s, 3H), 1.46. (s, 6H)
2-20 (ii) mixture of P-1 8 9.97 (s, 1H), 7.1-7.3 (m, 7H), 6.9-7.0 (m, 2H), 3.0-3.4 (m, 2H), 2.19 (s, 3H),
and P-3 6:4  1.79 (s, 3H), 1.51 (s, 6H)
89.83 (s, 1H), 7.1-7.3 (m, 7H), 6.9-7.0 (m, 2H), 3.0-3.4 (m, 2H), 2.26 (s, 3H),
1.89 (s, 3H), 1.45 (s, 6H)
2-21 (ii) mixture of P-1 9 9.84 (s, 1H), 7.41 (s, 1H), 7.0-7.3 (m, 6H), 6.95 (d, T = 7.1 Hz, 2H), 3.28 (s,

and P-35:5

2H), 2.24 (s, 3H), 2.22 (s, 3H), 2.15 (s, 3H), 1.44 (s, 6H)
$9.94 (s, 1H), 7.41 (s, 1H), 7.0-7.3 (m, 6H), 6.95 (d, T = 7.1 Hz, 2H), 3.18(s,
2H), 2.24 (s, 3H), 2.22 (s, 3H), 2.03 (s, 3H), 1.50 (s, 6H),
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2222 (ii) mixture of P-1 & 10.08 (s, 1H), 6.9-7.8 (m, 14H), 3.31 (s, 2H), 2.24 (s, 3H), 1.48 (s, 6H)
and P-3 6:4  10.15 (s, 1H), 6.9-7.8 (m, 14H), 3.21 (s, 2H), 2.11 (s, 3H), 1.53 (s, 6H)
223 (ii) mixture of P-1 6 9.88 (s, 1H), 6.9-7.6 (m, 9H), 3.28 (s, 2H), 2.16 (s, 3H), 1.45 (s, 6H), 1.30 (s, 18H)
and P-3 6:4  59.97 (s, 1H), 6.9-7.6 (m, OH), 3.18 (s, 2H), 2.05 (s, 3H), 1.50 (s, 6H), 1.30 (s, 18H)
224 (ii) mixture of P-1 & 10.00 (s, 1H), 6.9-8.0 (m, 12H), 3.29 (d , T = 14.0 Hz, 1H), 3.13(d, T =

and P-37:3  12.7 Hz, 1H), 1.77 (s, 3H), 1.58 (s, 6H)
810.06 (s, 1H), 6.9-8.0 (m, 12H), 3.1-3.4 (m, 21), 1.90 (s, 3H), 1.52 (s, 6H)
225 (ii) mixture of P-1 6 9.88 (s, 1H), 6.9-7.7 (m, 9H), 3.29 (s, 2H), 3.57 (t, ] = 7.5 Hz, 2H), 2.16
and P-3 6:4 (s, 3H), 1.4-1.7 (m, 8H), 1.30 (s, 6H), 0.8-1.0 (m, 3H)
89.96 (s, 1H), 6.9-7.7 (m, OH), 3.18 (s, 2H), 3.57 (t, T = 7.5 Hz, 2H), 2.04
(s, 31), 1.4-1.7 (m, 8H), 1.30 (s, 6H), 0.8-1.0 (m, 3H)

228 (ii) mixture of P-1 8 9.90 (s, 1H), 6.9-7.6 (m, 9H), 3.76 (s, 3H), 3.19 (s, 2H), 2.03 (s, 3H), 1.45 (s, 6H)
and P-35:5  59.80 (s, 1H), 6.9-7.6 (m, 9H), 3.76 (s, 3H), 3.28 (s, 2H), 2.13 (s, 3H), 1.45 (s, 6H)
229 (ii) mixture of P-1 6 9.94 (s, 1H), 6.8-7.4 (m, 8H), 6.00 (s, 2H), 3.27 (s, 2H), 2.15 (s, 3H), 2.04 (s,

and P-35:5  3H), 1.4 (s, 6H)
89.89 (s, 1H), 6.8-7.4 (m, 81), 6.01 (s, 2H), 3.17 (s, 2H), 2.02 (s, 3H), 2.04 (s,
3H), 1.49 (s, 6H)

230 (ii) mixture of P-1 8 9.80 (s, 1H), 7.52 (d, T = 8.5 Hz, 2H) 7.1-7.4 (m, 5H), 6.9-7.1 (m, 2H), 4.0-

and P-3 6:4 4.2 (m, 2H), 3.6-3.8 (m, 2H), 3.51 (q, J = 7.0 Hz, 2H), 3.29 (s, 2H), 2.14 (s, 3H),
144 (s, 6H), 1.14 (t, ] = 7.0 Hz, 6H)
$9.90 (s, 1H), 7.52 (d, T = 8.5 Hz, 2H) 7.1-7.4 (m, 5H), 6.9-7.1 (m, 2H), 4.0-4.2
(m, 2H), 3.6-3.8 (m, 2H), 3.51 (q, ] = 7.0 Hz, 2H), 3.19 (s, 2H), 2.02 (s, 3H),
1.50 (s, 6H), 1.14 (t, T = 7.0 Hz, 3H)

231 (ii) mixture of P-1 8 10.16 (s, 1H), 6.9-7.8 (m, 9H), 3.29 (s, 2H), 2.19 (s, 3H), 1.46 (s, 6H)
and P-37:3  510.16 (s, 1H), 6.9-7.8 (m, OH), 3.18 (s, 2H), 2.06 (s, 31), 1.51 (s, 6H)
232 (ii) mixture of P-1 & 10.4-10.5 (m, 1H), 6.8-8.2 (m, 8H), 3.1-3.4 (m, 2H), 2.1-2.4 (m, 3H), 1.48 (s, 6H)
and P-37:3  $10.3-10.4 (m, 1H), 6.8-8.2 (m, 8H), 3.1-3.4 (m, 2H), 2.0-2.2 (m, 3H), 1.48 (s, 6H)
233 (ii) mixture of P-1 8 10.3 (s, 1H), 6.9-7.5 (m, 8H), 3.28 (s, 2H), 2.26 (s, 3H), 1.45 (s, 6H)
and P-38:2  510.2 (s, 1H), 6.9-7.5 (m, 81), 3.18 (s, 2H), 2.12 (s, 3H), 1.50 (s, 6H)
234 (ii) mixture of P-1 8 9.73 (s, 1H), 7.1-7.4 (m, 7H), 6.8-6.9 (m, 2H), 3.13 (s, 2H), 2.84 (sep, ] =

and P-38:2 7.1 Hz, 1H), 2.31 (s, 3H), 1.52 (s, 6H), 1.01 (d, T = 6.9 Hz, 6H)
$9.31 (s, 1H), 7.1-7.4 (m, 7H), 7.0-7.1 (m, 2H), 3.20 (s, 2H), 2.9-3.1 (m, 1H),
2.31 (s, 3H), 1.52 (s, 6H), 1.05 (d, T = 6.9 Hz, 61)

235 (ii) mixture of P-1 8 9.76 (s, 1H), 7.1-7.3 (m, 7H), 6.8-6.9 (m, 2H), 3.21 (d, T = 12.7 Hz, 1), 3.0
andP-38:2 8(d, T=13.2 Hz, 1H), 2.4-2.6 (m, 1H), 2.18 (s, 3H), 1.51 (s, 6H), 0.95 (d, T =
6.9 Hz, 3H)

$9.41 (s, 1H), 7.1-7.3 (m, 7H), 7.0-7.1 (m, 2H), 3.1-3.4 (m, 2H), 2.4-2.6 (m, 1H),
2.22 (s, 3H), 1.55 (s, 6H), 0.86 (d, T = 6.9 Hz, 3H)
236 (ii) mixture of P-1 89.70 (s, 1H), 6.8-7.3 (m, 8H), 3.14 (s, 2H), 2.85 (sep, J = 7.7 Hz, 1H), 2.23
and P-37:3 (s, 3H), 2.22 (s, 3H), 1.52 (s, 6H), 1.01 (d, T = 6.9 Hz, 6H)
9.28 (s, 1H), 6.8-7.3 (m, 81), 3.20 (s, 2H), 2.9-3.1 (m, 1H), 2.24 (s, 3H),
2.22 (s, 3H), 1.51 (s, 6H), 1.05 (d, T = 7.1 Hz, 6H)
237 (ii) mixture of P-1 89.91 (s, 1H), 6.8-7.8 (m, 14H), 3.16 (s, 2H), 2.93 (sep, J = 6.9 Hz, 1H), 1.54
andP-37:3 (s, 6H), 1.06 (d, T = 6.9 Hz, 61)
59.48 (s, 1H), 6.8-7.8 (m, 14H), 3.22 (s, 2H), 3.0-3.1 (m, 1H), 1.54 (s, 6H), 1.10
(d, T =7.1 Hz, 6H)
238 (ii) mixture of P-1 89.7-9.8 (m, 1H), 7.1-7.5 (m, 7H), 6.8-6.9 (m, 2H), 3.13 (s, 2H), 2.8-2.9 (m, 1H),
and P-38:2  1.52 (s, 6H), 1.31 (s, 9H), 1.03 (d, T = 6.6 Hz, 6H)
$9.3-9.4 (m, 1H), 7.1-7.5 (m, 7H), 7.0-7.1 (m, 2H), 3.2-3.3 (m, 2H), 2.9-3.1 (m,
1H), 1.52 (s, 6H), 1.31 (s, 9H), 1.03 (d, T = 6.6 Hz, 6H)
239 (ii) mixture of P-1 89.76 (s, 1H), 7.2-8.1 (m, 10H), 6.9-7.0 (m, 2H), 3.1-3.3 (m, 2H), 2.4-2.8 (m, 1H),
and P-38:2  1.60 (s, 6H), 0.87 (d, T = 6.9 Hz, 6H)
$9.6-9.7 (m, 1H), 7.2-8.1 (m, 10H), 7.14 (d, = 8.0 Hz, 2H), 3.1-3.3 (m, 2H),
2.4-2.8 (m, 1H), 1.55 (s, 6H), 0.96 (d, T = 6.6 Hz, 61)
2440 (ii) mixture of P-1 §9.72 (s, 1H), 7.1-7.4 (m, 7H), 6.8-6.9 (m, 2H), 3.14 (s, 21H), 2.85 (sep, ] =
and P-3 6:4 5.5 Hz, 1H), 2.57 (t, T = 6.7 Hz, 2H), 1.52 (s, 6H), 1.5-1.7 (m, 2H), 1.2-1.4 (m,
6H), 1.0-1.2 (m, 6H), 0.8-1.0 (m, 3H)
$9.3-9.4 (m, 1H), 7.1-7.4 (m, 7H), 7.0-7.1 (m, 2H), 3.19 (s, 2H), 2.9-3.1 (m, 1H),
2.57 (t, 1= 6.7 Hz, 1H), 1.52 (s, 6H), 1.5-1.7 (m, 2H), 1.2-1.4 (m, 6H), 1.0-1.2
(m, 6H), 0.8-1.0 (m, 3H)
243 (ii) mixture of P-1 8 9.68 (s, 1H), 6.8-7.4 (m, 9H), 3.77 (s, 3H), 3.13 (s, 2H), 2.82 (sep, J = 6.6 Hz,
and P-37:3  1H), 1.52 (s, 6H), 1.01 (d, T = 6.8 Hz, 6H)
$9.27 (s, 1H), 6.8-7.4 (m, 9H), 3.77 (s, 3H), 3.20 (s, 2H), 2.9-3.1 (m, 1H), 1.52
(s, 6H), 1.05 (d, T = 7.0 Hz, 6H)
244 (ii) mixture of P-1 89.73 (s, 1H), 6.7-7.5 (m, 8H), 6.02 (s 2H), 3.12 (s, 2H), 2.83 (sep, J = 6.8 Hz,
and P-37:3  1H), 1.51 (s, 6H), 1.01 (d, T = 6.8 Hz, 6H)
$9.33 (s, 1H), (5.7-7.5 (m, 8H), 6.02 (s 2H), 3.19 (s, 2H), 2.9-3.1 (m, 1H), 1.51
(s, 6H), 1.0-1.2 (m, 6H)
245 (ii) mixture of P-1 8 9.68 (s, 1H), 6.8-7.4 (m, 9H), 4.0-4.2 (m, 2H), 3.6-3.8 (m, 2H), 3.51 (q, T =
andP-37:3 6.9 Hz, 2H), 3.13 (s, 2H), 2.82 (sep, T = 6.9 Hz, 1H), 1.52 (s, 6H), 1.14 (t, T =
6.9 Hz, 3H), 1.00 (d, T = 6.9 Hz, 6H)
$9.27 (s, 1H), 6.8-7.4 (m, 9H), 4.0-4.2 (m, 2H), 3.6-3.8 (m, 2H), 3.51 (g, I =
6.9 Hz, 2H), 3.20 (s, 2H), 2.94 (sep, T = 8.8 Hz, 1H), 1.52 (s, 6H), 1.14 (t, T =
6.9 Hz, 3H), 1.05 (d, T = 6.9 Hz, 6H)
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246 (ii) mixture of P-1 89.91 (s, 1H), 7.1-7.5 (m, 7H), 6.8-6.9 (m, 2H), 3.36 (s, 3H), 3.13 (s, 2H), 2.8~
and P-37:3  2.95 (m, 1H), 1.52 (s, 6H), 1.02 (d, T = 6.9 Hz, 6H)
$9.55 (s, 1H), 7.1-7.5 (m, 7H), 7.0-7.1 (m, 2H), 3.31 (s, 3H), 3.20 (s, 2H), 2.95-
3.1 (m, 1H), 1.52 (s, 6H), 1.06 (d, T = 6.9 Hz, 6H)
247 (ii) P-1 8 10.0-10.2 (br, 1H), 7.4-7.8 (m, 2H), 7.1-7.4 (m, 4H), 6.8-7.1 (m, 2H), 3.15 (s,
2H), 2.8-3.1 (m, 1H), 1.53 (s, 6H), 1.05 (d, T = 6.6 Hz, 6H)
248 (ii) mixture of P-1 & 10.05 (s, 1H), 6.8-7.5 (m, 8H), 3.14 (s, 2H), 2.8-3.1 (m, 1H), 1.51 (s, 6H), 1.08
andP-36:4  (d, T = 6.6 Hz, 6H)
59.61 (s, 1H), 6.8-7.5 (m, 8H), 3.22 (s, 2H), 2.8-3.1 (m, 1H), 1.51 (s, 6H), 1.13
(d, T = 6.8 Hz, 6H)
249 (ii) mixture of P-1 & 10.41 (s, 1H), 6.9-8.1 (m, 9H), 3.29 (s, 2H), 2.24 (s, 3H), 1.49 (s, 61)
andP-37:3  §10.3-10.4 (br, 1H), 6.9-8.1 (m, 9H), 3.1-3.4 (m, 2H), 2.12 (s, 3H), 1.49 (s, 6H)
250 (ii) mixture of P-1 & 10.09 (s, 1H), 6.8-7.9 (m, 9H), 3.15 (s, 2H), 2.8-3.0 (m, 1H), 1.54 (s, 6H), 1.05
and P-3 8:2 (s, 6H)
59.7-9.8 (br, 1H), 6.8-7.9 (m, 9H), 3.1-3.3 (m, 2H), 3.0-3.1 (m, 1H), 1.54 (s,
6H), 1.03 (s, 6H)
3-01 (i) P-2 87.60 (dd, T = 6.8, 2,1 Hz, 2H), 7.20-7.30 (m, SH), 6.91 (dd, T = 6.8, 2, 4 Hz, 21),
3.8 (s, 3H), 3.60 (s, 2H), 1.94 (s, 6H)
302 (i) P2 8 7.15-7.35 (m. 5H), 3.20 (s, 2H), 2.68 (sep, ] = 6.8Hz, 1), 1.86 (s, 6H), 1.17
(d, T = 6.8Hz, 6H)
3-03 (i) P2 8 7.62-7.70 (m, 2H), 7.20-7.45 (m, 8H), 3.63 (s, 2H), 1.95 (s, 6H)
304 (i) P2 8 7.15-7.34 (m, 8H), 6.98-7.10 (m, 2H), 3.08 (s, 2H), 2.79 (s, 2H)., 1.84 (s, 6H),
1.18 (s, 6H)
3-05 (i) P-2 7.04 (d, T = 8.0 Hz, 2H), 6.98 (d, T = 8.0 Hz, 2H), 3.13 (s, 2H), 3.05 (s, 2H),
2.59 (sep, J = 6.8 Hz, 1), 2.30 (s, 3H), 1.50 (s, 6H), 1.09 (d, 6.8 Hz, 6H)
3-06 (i) P-2 87.55 (dd, T = 6.8, 2.1 Hz, 2H), 7.03 (s, 4H), 6.91 (d, T = 8.6 Hz, 2H), 3.84 (s,
3H), 3.14 (s, 2H), 3.56 (s, 2H), 2.28 (s, 3H), 1.56 (s, 6H)
307 (i) P2 8 7.18~7.42 (m, 4H), 7.00 (s, 4H), 3.21 (s, 2H), 3.16 (sep, ] = 7.2 Hz, 1H), 2.61
(t,7=7.5 Hz, 2H), 2.29 (s, 3H), 1.62 (s, 6H), 1.54~1.58 (m, 2H), 1.26-1.36
(m, 6H), 1.07 (d, T = 7.2 Hz, 6H), 0.87~0.92 (m, 3H)
308 (i) P2 8 6.91~7.42 (m, 9H), 3.22 (sep, J = 7.2 Hz, 1H), 2.4~2.7 (m, 2H), 1.55 (s, 6H),
1.53~1.57 (m, 2H), 1.23~1.35 (m, 6H), 1.12 (d, T = 7.2 Hz, 6H), 0.8~0.9 (m, 3H)
3-09 m.p. 144.6 to 145.5° C.
3-10 (i) P2 8 6.91-7.33 (m, 9H), 3.06 (s, 2H), 3.05 (s, 2H), 2.73 (s, 2H), 2.31 (s, 3H), 1.49
(s, 6H), 1.10 (s, 6H)
3-11 (i) P2 8 7.55-7.66 (m, 2H), 7.25-7.42 (m, 3H), 7.03 (s, 4H), 3.58 (s, 2H), 3.14 (s, 2H),
2.28 (s, 3H), 1.58 (s, 6H)
3-12 (i) P-2 $7.35 (d, T = 8.6 Hz, 2H), 6.98 (d, T = 8.6 Hz, 2H), 3.14 (s, 2H), 3.06 (s, 2H),
2.59 (sep, J = 6.8 Hz, 1H), 1.50 (s, 6H), 1.10 (d, T = 7.1 Hz, 6H)
3-13 (i) P-1 57.83 (d, T = 7.4 Hz, 2H), 7.38 (t, ] = 7.4 Hz, 2H), 7.15-7.33 (m, 4H), 7.08 (d,
1=7.1 Hz, 2H), 5.91 (s, 1H), 3.60 (s, 3H), 1.98 (s, 6H)
3-14 (i) P-1 87.73 (d, =74 Hz, 2H), 7.41 (t, ] = 7.4 Hz, 2H), 7.16-7.36 (m, 4H), 3.16 (s,
3H), 2.10 (s, 3H), 1.98 (s, 6H)
3-16 (i) P2 8 7.12~7.62 (m, 10H), 3.59 (s, 2H), 3.19 (s, 2H), 1.59 (s, 6H)
3-17 (i) P2 8 7.09-7.25 (m, 5H), 3.13 (s, 2H), 3.09 (s, 2H), 2.58 (sep, J = 7.2 Hz, 1H), 1.52
(s, 6H), 1.09 (d, T = 6.9 Hz, 6H)
3-18 (i) mixture of P-1 & 6.94-7.46 (m, 8H), 6.17 (br, 1), 3.18 (s, 2H), 3.13-3.17 (m, 1H), 2.55-2.66 (m,
and P-24:6  2H), 2.35 (s, 3H), 1.64 (s, 6H), 1.50-1.64 (m, 2H), 1.11 (d, T = 6.9 Hz, 6H),
0.95-1.20 (m, 6H), 0.75-0.95 (m, 3H)
8 6.94-7.46 (m, 8H), 4.17 (s, 1H), 3.30 (s, 2H), 2.55-2.66 (m, 2H), 2.40-2.60 (m,
1H), 2.36 (s, 3H), 1.55 (s, 6H), 1.50-1.64 (m, 2H), 1.11 (d, T = 7.2 Hz, 6H),
0.95-1.20 (m, 6H), 0.75-0.95 (m, 3H)
3-19 (i) P2 8 7.25-7.15 (m, 1H), 6.95-7.05 (m, 1H), 6.85-7.05 (m, 2H), 3.13 (s, 2H), 3.05 (s,
2H), 2.59 (sep, I = 7.2 Hz, 1H), 2.29 (s, 3H), 1.51 (s, 6H), 1.09 (d, T = 6.9 Hz, 6H)
3-20 (i) mixture of P-1 & 6.88-7.47 (m, 8H), 6.14 (br, 1), 3.21 (s, 2H), 3.13-3.20 (m, 1H), 2.52- 2.65 (m,
and P-25:5  2H), 2.26 (s, 3H), 1.64 (s, 6H), 1.49-1.63 (m, 2H), 1.21-1.39 (m, 6H), 0.95-1.05
(m, 6H), 0.82-0.93 (m, 3H)
5 6.88-7.47 (m, 8H), 4.12 (s, 1H), 2.52-2.65 (m, 2H), 2.40-2.55 (m, 1H), 2.30 (s,
3H), 1.55 (s, 6H), 1.49-1.63 (m, 2H), 1.21-1.39 (m, 6H), 1.05-1.15 (m, 6H), 0.82-
0.93 (m, 3H)
3-21 (i) P-1 I NMR (CDCl,, Me,Si, 300 MHz) 8 7.95-8.0 (m, 2H), 7.6-7.7 (m, 1H), 7.45-
7.55 (m, 2H), 7.0-7.1 (m, 1H), 6.9-7.0 (m, 1H), 6.6-6.7 (m, 1H), 6.56 (s, 1),
6 6.03 (s, 1H), 3.09 (s, 2H), 2.92 (sep, T = 6.9 Hz, 1H), 2.22 (s, 3H), 1.64 (s, 6H),
1.25(d, 7 6.9 Hz, 6H)
322 (i) P2 $7.2-7.3 (m, 2H), 7.0-7.1 (m, 2H), 3.14 (s, 2H), 3.06 (s, 2H), 2.50-2.65 (m, 1),
1.52 (s, 6H), 1.29 (s, 9H), 1.08 (d, J 6.9 Hz, 6H)
3-23 (i) mixture of P-1 & 6.90-7.47 (m, 8H), 6.13 (br, 1), 3.20 (s, 2H), 3.05-3.19 (m, 1H), 2.52-2.67 (m,
and P-25:5  2H), 1.65 (s, 6H), 1.52-1.63 (m, 2H), 1.22-1 41 (m, 6H), 1.27 (s, 9H), 0.94-1.09
(m, 6H), 0.83-0.93 (m, 3H)
8 6.90-7.47 (m, 8H), 4.13 (s, 1H), 3.05-3.19 (m, 2H), 2.52-2.67 (m, 2H), 2.39-2.51
(m, 1H), 1.65 (s, 6H), 1.52-1.63 (m, 2H), 1.22-1.41 (m, 6H), 1.31 (s, 9H), 0.94-
1.09 (m, 6H), 0.83-0.93 (m, 3H)
324 (i) P2 8 7.12-7.30 (m, 5H), 3.63 (d, T = 7.2 Hz, 1H), 3.10 (s, 2H), 2.50-2.65 (m, 1),

1.56 (s, 3H), 1.40 (s, 3H), 1.26 (d, T = 7.2 Hz, 3H), 1.08 (d, ] = 7.2 Hz, 3H),
1.56 (d, T = 6.9 Hz, 3H)
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3-25 (i) mixture of P-1 & 6.88-7.45 (m, 9H), 6.07 (br, 1H), 3.93-4.06 (m, 1H), 3.11 (sep, ] = 7.2 Hz, 1 H),
and P-25:5  2.52-2.65 (m, 2H), 1.81-1.20 (m, 81), 1.59 (s, 6H), 0.83-1.20 (m, 12H)
8 6.88-7.45 (m, 9H), 4.11 (s, 1H), 3.68-3.77 (m, 1H), 2.52-2.65 (m, 2H), 2.35-2.52
(m, 1H), 1.81-1.20 (m, 8H), 1.59 (s, 6H), 0.83-1.20 (m, 12)
327 (ii) mixture of P-1 89.63 (s, 1H), 7.36 (d, T = 7.7 Hz, 2H), 7.05-7.3 (m, SH), 6.98 (d, ] = 7.4 Hz, 2H),
and P-39:1  2.45-2.6 (m, 2H), 1.84 (s, 6H), 1.7-1.9 (m, 1H), 1.45-1.65 (m, 2H), 1.2-1.35
(m, 6H), 0.7-1.05 (m, 7H)
89.45-9.55 (br, 1H), 7.5-7.6 (m, 2H), 7.05-7.3 (m, SH), 6.98 (d, T = 7.4 Hz, 2H),
2.45-2.6 (m, 2H), 1.84 (s, 6I), 1.7-1.9 (m, 1H), 1.45-1.65 (m, 2H), 1.2-1.35 (m,
6H), 0.7-1.05 (m, 7H)
328 (ii) mixture of P-1 6 9.7-9.8 (br, 1H), 7.34 (d, T = 8.6 Hz, 2H), 7.1-7.3 (m, 4H), 7.00 (d, ] = 8.5 Hz,
andP-31:9  2H), 3.05-3.2 (m, 1H), 2.4-2.6 (m, 2H), 1.82 (s, 6H), 1.5-1.6 (m, 2H), 1.2-1.35
(m, 6H), 1.14 (d, T = 6.8 Hz, 6H), 0.75-0.9 (m, 3H)
9.56 (s, 1H), 7.34 (d, T = 8.6 Hz, 2H), 7.1-7.3 (m, 4H), 7.00 (d, T = 8.5 Hz,
2H), 2.95-3.05 (m, 1H), 2.4-2.6 (m, 2H), 1.87 (s, 6H), 1.5-1.6 (m, 2H), 1.2-1.35
(m, 6H), 1.14 (d, T = 6.8 Hz, 6H), 0.75-0.9 (m, 3H)
329 (ii) mixture of P-1 89.67 (s, 1H), 7.3-7.4 (m, 4H), 7.17 (d, T = 7.5 Hz 2H), 7.00 (d, ] = 8.5 Hz, 21),
and P-39:1  2.4-2.6 (m, 2H), 1.7-1.9 (m, 1H) 1.83 (s, 6H), 1.45-1.65 (m, 2H), 1.2-1.35 (m,
6H), 0.7-1.1 (m, 7H)
89.45-9.55 (br, 1H), 7.5-7.6 (m, 2H), 7.3-7.4 (m, 2H), 7.17 (d, T = 7.5 Hz 21),
7.00 (d, T = 8.5 Hz, 2H), 2.4-2.6 (m, 2H), 1.7-1.9 (m, 1H) 1.83 (s, 61), 1.45-1.65
(m, 2H), 1.2-1.35 (m, 6H), 0.7-1.1 (m, 7H)
330 (ii) P-1 5 9.88 (br, 1H), 7.66 (d, T = 7.4 Hz, 2H), 7.59 (d, T = 7.7 Hz, 2H), 7.3-7.55 (m,
7H), 7.1-7.2 (m, 6H), 2.4-2.6 (m, 2H), 1.96 (s, 6H), 1.5-1.65 (m, 2H), 1.2-1.4
(m, 6H), 0.85 (t, T = 6.9 Hz, 3H)

331 (ii) P-1 89.70 (s, 1H), 7.65-8.05 (m, 6H), 7.0-7.6 (m, 7H), 2.4-2.55 (m, 2H), 1.91 (s, 6H),
1.3-1.55 (m, 2H), 1.1-1.3 (m, 6H), 0.7-0.9 (m, 3H)

332 (ii) P-1 89.80 (s, 1H), 7.25-7.4 (m, 6H), 7.05-7.15 (m, 6H), 2.45-2.6 (m, 2H), 1.93 (s,
6H), 1.45-1.65 (m, 2H), 1.2-1.35 (m, 6H), 1.26 (s, 9H), 0.8-0.9 (m, 3H)

333 (ii) mixture of P-1 8 9.75 (s, 1H), 7.15-7.4 (m, 6H) 6.83 (d, T = 8.4 Hz, 2H), 3.12 (s, 2H), 2.84 (sep,

andP-37:3  T=6.8 Hz, 1H), 2.57 (t, ] = 7.5 Hz 2H), 1.53 (s, 6H), 1.4-1.65 (m, 2H), 1.2-1.4
(m, 6H), 1.00 (d, T = 6.8 Hz, 6H), 0.8-0.9 (m, 3H)
59.31 (s, 1H), 7.15-7.4 (m, 6H) 7.05 (d, T = 8.3 Hz, 2H), 3.20 (s, 2H), 2.9-3.05
(m, 1H), 2.57 (t, T = 7.5 Hz 2H), 1.51 (s, 6H), 1.4-1.65 (m, 2H), 1.2-1.4 (m, 6H),
1.05(d, T = 7.1 Hz, 6H), 0.8-0.9 (m, 3H)
334 (ii) mixture of P-1 8 9.88 (s, 1H), 7.40 (d, ] = 8.0 Hz, 2H), 7.15-7.3 (m, 4H), 6.85 (d, ] = 8.3 Hz,
and P-37:3  2H),3.12 (s, 2H), 2.57 (t, T = 7.4 Hz, 2H), 1.65-1.75 (m, 1H), 1.55-1.65 (m, 2H),
149 (s, 6H), 1.2-1.4 (m, 6H), 0.87 (t, ] = 6.8 Hz, 3H), 0.55-0.75 (m, 4H)
$9.06 (s, 1H), 7.63 (d, T = 8.0 Hz, 2H), 7.15-7.3 (m, 4H), 7.07 (d, T = 8.0 Hz,
2H), 3.22 (s, 2H), 2.57 (t, T = 7.4 Hz, 2H), 1.65-1.75 (m, 1H), 1.55-1.65 (m, 2H),
143 (s, 6H), 1.2-1.4 (m, 6H), 0.87 (t, ] = 6.8 Hz, 3H), 0.55-0.75 (m, 4H)
335 (ii) mixture of P-1 89.51 (s, 1H), 7.14 (d, T = 8.3 Hz, 2H), 6.72 (d, ] = 8.2 Hz, 2H), 3.06 (s, 2H),
and P-3 6:4  2.69 (sep, I = 6.9 Hz, 1H), 2.15-2.3 (m, 2H), 1.46 (s, 6H), 1.4-1.6 (m, 2H), 1.05
(d, T = 6.9 Hz, 6H), 0.88 (t, T = 7.1 Hz, 3H)
58.78 (s, 1H), 7.22 (d, 7 = 8.5 Hz, 2H), 7.00 (d, T = 8.5 Hz, 2H), 3.16 (s, 2H),
2.69 (sep, I = 6.9 Hz, 1H),, 2.05-2.15 (m, 2H), 1.42 (s, 6H), 1.4-1.6 (m, 2H), 1.05
(d, T = 6.9 Hz, 6H), 0.88 (t, T = 7.1 Hz, 3H)
336 (ii) P-1 510.14 (s, 1H), 7.63 (d, T = 7.7 Hz, 2H), 7.52 (d, T = 8.5 Hz, 2H), 7.1-7.5 (m,
11H), 6.97 (d, T = 8.2 Hz, 2H), 3.24 (s, 2H), 2.45-2.65 (m, 2H), 1.61 (s, 610),
1.5-1.65 (m, 2H), 1.2-1.4 (m, 6H), 0.8-0.9 (m, 3H)

337 (ii) mixture of P-1 & 10.04 (s, 1H), 7.0-7.65 (m, 10H), 6.94 (d, T = 8.5 Hz, 2H), 3.21 (s, 2H), 2.45-
and P-39:1  2.65 (m, 2H), 1.59 (s, 6H), 1.45-1.6 (m, 2H), 1.2-1.35 (m, 6H), 1.22 (s, 9H), 0.8-
0.95 (m, 3H)

$9.85-9.95 (m, 1H), 6.9-7.65 (m, 10H), 3.21 (s, 2H), 2.45-2.65 (m, 2H), 1.59 (s,
6H), 1.45-1.6 (m, 2H), 1.2-1.35 (m, 6H), 1.23 (s, 9H), 0.8-0.95 (m, 3H)

338 (ii) mixture of P-1 8 9.66 (s, 1H), 7.1-7.25 (m, 4H) 6.76 (d, T = 8.5 Hz, 2H), 6.70 (d, I = 8.2 Hz,

and P-38:2  2H), 3.68 (s, 3H), 3.06 (s, 2H), 2.75-2.9 (m, 1H), 2.57 (t, T = 7.4 Hz, 2), 1.5-
1.65 (m, 2H), 1.50 (s, 6H), 1.2-1.4 (m, 6H), 1.02 (d, T = 6.9 Hz, 6H), 0.87 (t
7=6.9 Hz, 3H)
$9.25-9.35 (br, 1H), 7.25-7.35 (m, 4H), 6.85-6.95 (m, 4H), 3.68 (s, 3H), 3.12 (s,
2H), 2.9-3.05 (m, 1H), 2.57 (t, T = 7.4 Hz 2H), 1.5-1.65 (m, 2H), 1.50 (s, 611),
1.2-1.4 (m, 6H), 1.07 (d, T = 7.1 Hz, 6H), 0.87 (t T = 6.9 Hz, 3H)

339 (ii) P2 8 7.4-7.55 (m, 2H) 7.20 (d, T = 8.1 Hz, 2H), 6.84 (d, T = 8.3 Hz, 2H), 6.73 (d,

T =8.6 Hz, 2H), 3.69 (s, 3H), 3.08 (s, 2H), 2.5-2.6 (m, 2H), 1.65-1.8 (m, 1H), 1.55
1.65 (m, 2H), 1.45 (s, 6H), 1.2-1.4 (m, 6H), 0.8-1.0 (m, 3H), 0.7-0.8 (m, 2H),
0.6-0.7 (m, 2H)

340 (ii) P-1 $10.0-10.1 (m, 1H), 7.75 (d, T = 8.5 Hz, 2H), 6.85-7.7 (m, 13H), 6.76 (d, ] = 8.8 Hz,
2H), 3.71 (s, 3H), 3.05-3.25 (m, 2H), 2.45-2.65 (m, 2H), 1.45-1.65 (m, 8H),
1.15-1.35 (m, 6H), 0.8-0.9 (m, 3H)

341 (i) mixture of P-1 & 10.85 (s, 1H), 6.75-7.3 (m, 12H), 3.73 (s, 3H), 3.05-3.25 (m, 2H), 2.45-2.65 (m,

and P-37:3  2H), 1.56 (s, 6H), 1.4-1.65 (m, 2H), 1.2-1.4 (m, 6H), 1.24 (s, 9H), 0.8-0.9 (m, 3H)
$9.9-10.0 (m, 1H), 6.75-7.65 (m, 12H), 3.67 (s, 3H), 3.05-3.25 (m, 2H), 2.45-2.65
(m, 2H), 1.56 (s, 6H), 1.4-1.65 (m, 2H), 1.2-1.4 (m, 6H), 1.24 (s, 9H), 0.8-0.9 (m, 3H)

3-43 (i) P-1 8 7.9-8.0 (m, 2H), 7.6-7.7 (m, 1H), 7.45-7.55 (m, 2H), 7.20 (d, J = 8.3 Hz, 21),
6.74 (d,7 = 8.2 Hz, 1H), 6.04 (s, 1), 3.10 (s, 2H), 2.83-3.00 (m, 1H), 1.64 (s,
6H), 1.25 (s, 9H), 1.24 (d, T = 7.2 Hz, 6H)
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3-44

3-45

3-48

4-01
4-03

4-12

4-15

4-16

4-19

4-20

4-21

4-22

4-23

(i)

(i)

—~—~
—

(i)

(i)
(i)

(i)

(i)

(i)

(i)

(i)

(i)

(i)

(i)

(i)

P-1

P-2

P-1

P-1

P-1

P-1

P-1

mixture of P-1
and P-2 1:9

mixture of P-1
and P-2 5:5

mixture of P-1
and P-3 8:2

mixture of P-1
and P-2 6:4

mixture of P-1
and P-3 1:6

mixture of P-1
and P-3 8:2

mixture of P-1
and P-3 8:2

mixture of P-1
and P-3 6:4

mixture of P-1
and P-3 7:3

mixture of P-1

and P-3 6:4

mixture of P-1
and P-2 9:1

8 7.01-7.40 (m, 5H), 5.84 (b, 1H), 3.0-3.25 (m, 2H), 2.75-2.91 (m, 1H), 2.2-2.3
(m, 2H), 1.52 (s, 6H), 1.45-1.91 (m, 2H), 1.01-1.44 (m, 6H), 0.83-1.01 (m, 3H)

8 7.01-7.40 (m, 5H), 3.00-3.28 (m, 3H), 2.45-2.65 (m, 1H), 1.52 (s, 61), 1.45-1.91
(m, 2H), 1.01-1.44 (m, 6H), 0.83-1.01 (m, 3H)

8 7.85-7.95 (m, 2H), 7.35-7.45 (m, 2H), 7.1-7.3 (m, SH), 3.94 (br, 1H), 3.2-3.3
(m, 1H), 3.05-3.15 (m, 1H), 1.85-2.0 (m, 2H), 1.57 (s, 3H), 1.55 (s, 3H), 1.33 (s,
9H), 0.95-1.19 (m, 8h), 0.74-0.82 (m, 3H)

8 7.05-7.2 (m, 1H), 6.95-7.05 (m, 1H), 6.85-6.95 (m, 2H), 4.64 (s, 1), 2.92-3.13
(m, 2H), 2.73-2.89 (m, 1H), 2.30 (s, 3H), 1.46-1.61 (m, 6H), 1.06-1.19 (m, 6H)
' NMR (CDCls, Me,Si, 300 MHz) 8 7.06-7.29 (m, SH), 4.64 (s, 1H), 3.12 (d, T =
13.4 Hz, 1H), 3.03 (d, ] = 13.4 Hz, 1H), 2.73-2.88 (m, 1H), 1.53 (s, 3H), 152 (s,
3H), 1.16 (d, T = 6.9 Hz, 3H), 1.13 (d, T = 7.2 Hz, 3H)

8 6.89-7.47 (m, 8H), 6.13 (br, 1H), 3.20 (s, 2H), 3.12-3.19 (m, 1H), 2.49-2.65 (m,
4H), 1.63 (s, 6H), 1.45-1.62 (m, 41), 1.20-1.43 (m, 12H), 0.96-1.19 (m, 6H),
0.81-0.93 (m, 6H)

8 6.89-7.47 (m, 8H), 4.11 (s, 1H), 3.11 (s, 2H), 2.49-2.65 (m, 4H), 2.35-2.50 (m,
1H), 1.54 (s, 6H), 1.45-1.62 (m, 4H), 1.20-1.43 (m, 12H), 0.96-1.19 (m, 6H), 0.18-
0.93 (m, 6H)

8 7.13-7.19 (m, 3H), 6.73-6.82 (m, 2H), 5.95 (s, 1H), 3.07 (s, 2H), 2.87 (sep, ] =
6.9 Hz, 1H), 2.15 (s, 3H), 1.58 (s, 61), 1.21 (d, T = 7.2 Hz, 6H)

8 7.18-7.34 (m, 5H), 3.75 (s, 3H), 3.48 (s, 2H), 3.41 (s, 2H), 1.87 (s, 6H)

8 7.08-7.30 (m, 7H), 6.87-6.76 (m, 2H), 3.25 (s, 3H), 3.11 (s, 2H), 2.95 (sep, ] =
6.9 Hz, 1H), 2.62 (t, T = 7.6 Hz, 2H), 1.63 (s, 6H), 1.51-1.70 (m, 2H), 1.21-

142 (m, 6H), 1.15 (d, T = 6.8 Hz, 6H), 0.89 (t, T = 6.8 Hz, 3H)

89.26 (s, 1H), 7.1-7.3 (m, 3H), 6.89 (d, T = 6.9 Hz, 2H), 2.82 (sep, I = 6.9 Hz,
1H), 2.20 (t, ] = 7.8 Hz, 2H), 1.82 (s, 6H), 1.37 (m, 2H), 1.19 (d, ] = 7.3 Hz, 6H),
0.8-0.9 (m, 3H)

$9.23 (s, 1H), 7.1-7.3 (m, 3H), 7.04 (d, T = 7.0 Hz, 2H), 2.8-3.0 (m, 1H), 2.0-2.15
(m, 2H), 1.79 (s, 6H), 1.37 (m, 2H), 1.21 (d, T = 6.9 Hz, 6H), 0.8-0.9 (m, 3H)
59.87 (s, 1H), 7.66 (d, 7 = 7.7 Hz, 2H), 7.59 (d, T = 8.3 Hz, 2H), 7.1-7.5 (m, 10H),
2.5-2.6 (m, 2H), 1.97 (s, 6H), 1.5-1.6 (m, 2H), 1.2-1.4 (m, 6H), 0.7-0.9 (m, 3H)
89.68 (s, 1), 7.0-8.0 (m, 14H), 2.4-2.6 (m, 2H), 1.92 (s, 6H), 1.0-1.5 (m, 81),
0.7-0.9 (m, 3H)

8 7.0-8.0 (m, 14H), 3.31 (s, 1), 2.4-2.6 (m, 2H), 1.87 (s, 6H), 1.0-1.5 (m, 8I),
0.7-0.9 (m, 3H)

89.78 (s, 1H), 7.05-7.35 (m, 13H), 2.5-2.6 (m, 2H), 1.95 (s, 6H), 1.5-1.6 (m, 2H),
1.28 (s, 9H), 1.2-1.4 (m, 6H), 0.7-0.9 (m, 3H)

$9.59 (s, 1H), 7.55 (d, T = 8.6 Hz, 2H), 7.41 (d, T = 8.6 Hz, 2H), 7.1-7.35 (m, 3H),
7.00 (d, T = 7.0 Hz, 2H), 2.4-2.5 (m, 2H), 1.90 (s, 61), 1.8-1.9 (m, 2H), 1.05-
145 (m, 6H), 1.31 (s, 9H), 0.7-0.9 (m, 3H)

89.63 (s, 1H), 7.54 (d, T = 8.0 Hz, 2H), 7.35-7.45 (m, 4H), 7.41 (d, T = 8.6 Hz,
2H), 2.4-2.5 (m, 2H), 1.88 (s, 6H), 1.8-1.9 (m, 2H), 1.0-1.4 (m, 6H), 1.30 (s, 9H),
0.7-0.8 (m, 3H)

$9.7-9.8 (m, 1H), 7.83 (d, T = 8.5 Hz, 2H), 7.1-7.6 (m, 6H), 2.4-2.5 (m, 2H), 1.88
(s, 6H), 1.8-1.9 (m, 2H), 1.0-1.4 (m, 6H), 1.30 (s, 9H), 0.7-0.8 (m, 3H)

89.96 (s, 1H), 7.3-7.7 (m, 9H), 7.19 (d, T = 8.4 Hz, 2H), 6.87 (d, ] = 8.4 Hz,

2H), 3.20 (s, 2H), 2.45-2.6 (m, 2H), 1.56 (s, 6H), 1.35-1.55 (m, 2H), 1.2-1.35 (m,
6H), 0.8-0.9 (m, 3H)

89.45 (br, 1H), 7.78 (d, T = 8.6 Hz, 2H), 7.1-7.7 (m, 11H), 3.26 (s, 2H), 2.45-

2.6 (m, 2H), 1.50 (s, 61), 1.35-1.55 (m, 2H), 1.2-1.35 (m, 6H), 0.8-0.9 (m, 3H)
59.87 (s, 1H), 6.8-7.9 (m, 81), 3.17 (s, 2H), 2.4-2.55 (m, 2H), 1.53 (s, 6H), 1.28
(s, 9H), 1.0-1.5 (m, 8H), 0.7-0.9 (m, 3H)

$9.3-9.4 (m, 1H), 6.8-7.9 (m, 8H), 3.23 (s, 2H), 2.2-2.4 (m, 2H), 1.47 (s, 6H),
1.25 (s, 9H), 1.0-1.5 (m, 8H), 0.7-0.9 (m, 3H)

9.90 (s, 1H), 7.3-7.7 (m, 9H), 6.80 (d, T = 8.4 Hz, 2H), 6.70 (d, ] = 8.3 Hz,

2H), 3.67 (s, 3H), 3.13 (s, 2H), 2.4-2.6 (m, 2H), 1.54 (s, 6H), 1.4-1.6 (m, 2H),
1.0-1.2 (m, 6H), 0.7-0.9 (m, 3H)

$9.4-9.5 (m, 1H), 6.6-7.8 (m, 13H), 3.68 (s, 3H), 3.17 (s, 2H), 2.4-2.6 (m, 2H),
148 (s, 6H), 1.28 (s, 9H), 1.4-1.6 (m, 2H), 1.0-1.2 (m, 6H), 0.7-0.9 (m, 3H)
89.80 (s, 1H), 6.6-7.9 (m, 81), 3.67 (s, 3H), 3.11 (s, 2H), 2.4-2.6 (m, 2H), 1.51
(s, 6H), 1.28 (s, 9H), 1.0-1.6 (m, 8H), 0.7-0.9 (m, 3H)

89.35 (m, 1H), 6.6-7.9 (m, 8H), 3.68 (s, 3H), 3.15 (s, 21), 2.2-2.4 (m, 2H), 1.45
(s, 6H), 1.0-1.6 (m, 8H), 1.25 (s, 9H), 0.7-0.9 (m, 3H)

9.43 (s, 1H), 6.66 (s, 410), 3.67 (s, 3H), 3.01 (s, 2H), 2.6-2.8 (m, 2H), 2.2-2.3
(m, 2H), 1.44 (s, 6H), 1.3-1.5 (m, 2H), 1.07 (d, T = 6.8 Hz, 6H), 0.89 (t, ] =

7.3 Hz, 3H)

58.78 (s, 11), 6.91 (d, 7 = 8.3 Hz, 2H), 6.73 (d, T = 8.3 Hz, 2H), 3.68 (s, 3H),
3.08 (s, 2H), 2.7-2.9 (m, 2H), 2.0-2.2 (m, 2H), 1.39 (s, 6H), 1.3-1.5 (m, 2H),
1.07(d, T = 6.8 Hz, 6H), 0.89 (t, T = 7.3 Hz, 3H)

58.0-8.1 (m, 2H), 7.6-7.7 (m, 2H), 7.15-7.3 (m, 3H), 7.05-7.15 (m, 2H), 6.37 (br,
1H), 3.92 (s, 3H), 3.27 (s, 2H), 3.12-3.19 (m, 1H), 1.65 (s, 6H), 1.08 (d, T =

7.2 Hz, 6H)

88.0-8.1 (m, 2H), 7.6-7.7 (m, 2H), 7.15-7.3 (m, 3H), 7.05-7.15 (m, 2H), 4.2-4.3
(m, 1H), 3.92 (s, 3H), 3.1-3.2 (m, 2H), 2.35-2.5 (m, 1H), 1.65 (s, 6H), 0.95-

1.05 (m, 6H)
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TABLE 21-continued

No.

measuring
conditions

tautomers

mixing ratio

1H NMR chemical shift or melting point

4-27

4-28

4-32

4-37

4-39

441

(i)

(i)

(i)

(i)

(i)

(i)

(i)

(i)

(i)

(i)

(i)

(i)

(i)

(i)

(i)

P-1

P-1

P-1

P-1

mixture of P-1
and P-3 6:4

mixture of P-1
and P-3 7:3

mixture of P-1

and P-3 7:3

mixture of P-1
and P-3 7:3

mixture of P-1

and P-3 5:5

mixture of P-1
and P-3 8:2

mixture of P-1
and P-3 8:2

mixture of P-1
and P-3 8:2

mixture of P-1
and P-3 7:3

mixture of P-1
and P-3 7:3

mixture of P-1
and P-3 7:3

$9.71 (s, 1H), 7.13-7.33 (m, 3H)., 7.05-7.12 (m, 2H), 4.31 (q, T = 7.1 Hz, 2H),
3.23 (sep, J = 6.9 Hz, 1H), 1.94 (s, 6H), 1.36 (t, 7.3 Hz, 3H), 1.30 (d, T =

6.8 Hz, 6H)

89.66 (s, 1), 6.9-8.3 (m, 11H), 3.60 (s, 2H), 2.82 (sep, ] = 6.7 Hz, 1H), 2.58 (t,
7 =8.0 Hz, 2H), 1.60 (s, 6H), 1.5-1.7 (m, 2H), 1.2-1.4 (m, 6H), 0.97 (d, ] =

5.9 Hz, 6H), 0.87 (t, T = 7.0 Hz, 3H)

$9.29 (s, 1H), 6.9-8.3 (m, 11H), 3.69 (s, 2H), 2.95 (sep, ] = 6.6 Hz, 1), 2.58

(t, 7 = 8.0 Hz, 2H), 1.57 (s, 6H), 1.5-1.7 (m, 2H), 1.2-1.4 (m, 6H), 0.99 (d, T =
6.3 Hz, 6H), 0.87 (t, T = 7.0 Hz, 3H)

89.66 (s, 1H), 6.9-8.3 (m, 11H), 3.60 (s, 2H), 2.82 (sep, ] = 6.5 Hz, 1H), 2.58 (t,
1=7.7 Hz, 2H), 1.59 (s, 6H), 1.5-1.7 (m, 2H), 1.2-1.4 (m, 10H), 0.97 (d, T =

6.6 Hz, 6H), 0.86 (t, T = 6.4 Hz, 3H)

$9.29 (s, 1H), 6.9-8.3 (m, 11H), 3.69 (s, 2H), 2.85-3.0 (m, 1H), 2.58 (t, ] =

7.7 Hz, 2H), 1.59 (s, 6H), 1.5-1.7 (m, 2H), 1.2-1.4 (m, 10H), 0.97 (d, T = 6.6 Hz,
6H), 0.86 (t, T = 6.4 Hz, 3H)

89.68 (s, 1H), 6.8-8.3 (m, 11H), 3.59 (s, 2H), 2.82 (sep, ] = 6.7 Hz, 1H), 1.65-
1.8 (m, SH), 1.59 (s, 6H), 1.1-1.5 (m, 6H), 0.98 (d, T = 6.6 Hz, 6H)

$9.29 (s, 1H), 6.8-8.3 (m, 11H), 3.69 (s, 2H), 2.85-3.0 (m, 1H), 1.65-1.8 (m, SH),
1.59 (s, 6H), 1.1-1.5 (m, 6H), 1.04 (d, T = 6.6 Hz, 6H)

810.17 (s, 1H), 6.3-8.3 (m, 10H), 3.62 (s, 2H), 2.95 (sep, J = 5.2 Hz, 1H), 1.57
(s, 6H), 1.03 (d, T = 5.3 Hz, 6H)

9.69 (s, 1H), 6.3-8.3 (m, 10H), 3.71 (s, 2H), 3.24 (sep, ] = 5.2 Hz, 1H), 1.54
(s, 6H), 1.09 (d, T = 5.3 Hz, 6H)

59.81 (s, 1H), 8.0-8.15 (m, 1), 7.7-7.85 (m, 2H), 6.9-7.6 (m, 8H), 3.62 (s, 2H),
2.58 (t, T = 7.9 Hz, 2H), 2,3-2.45 (m, 2H), 1.57 (s, 6H), 1.0-1.4 (m, 16H), 0.85-
1.0 (m, 3H), 0.7-0.85 (m, 3H)

$9.72 (s, 1H), 8.25-8.35 (m, 1H), 7.85-7.95 (m, 2H), 6.9-7.6 (m, 8H), 3.72 (s,
2H), 2.58 (t, T = 7.9 Hz, 2H), 2,3-2.45 (m, 2H), 1.54 (s, 6H), 1.0-1.4 (m, 16H),
0.85-1.0 (m, 3H), 0.7-0.85 (m, 3H)

$9.61 (s, 1H), 6.8-8.3 (m, 11H), 3.59 (s, 2H), 2.58 (t, J = 7.5 Hz, 2H), 2.4-2.55
(m, 1H), 1.59 (s, 6H), 1.0-1.7 (m, 18H), 0.8-0.9 (m, 3H)

59.28 (s, 1H), 6.8-8.3 (m, 11H), 3.69 (s, 2H), 2.58 (t, J = 7.5 Hz, 2H), 2.4-2.55
(m, 1H), 1.59 (s, 6H), 1.0-1.7 (m, 18H), 0.8-0.9 (m, 3H)

510.25 (s, 1H), 8.1-8.2 (m, 1), 7.8-7.9 (m, 1H), 7.77 (d, T = 7.9 Hz, 1H), 7.45-
7.55 (m, 3H), 7.35 (t T = 8.1 Hz, 1 H), 7.15-7.25 (m, 4H), 7.07 (d, T = 7.1 Hz,
1H), 6.3-6.4 (m, 1H), 5.95-6.05 (m, 1H), 3.71 (s, 2H), 2.59 (¢, T = 7.8 Hz, 2H),
1.63 (s, 6H), 1.45-1.7 (m, 2H), 1.2-1.45 (m, 6H), 0.8-0.9 (m, 3H)

$9.74 (s, 1H), 7.1-7.35 (m, SH), 6.8-6.95 (m, 1H), 6.6-6.7 (m, 1H), 3.42 (s, 2H),
2.89 (sep, J = 6.5 Hz, 1H), 2.57 (t, T = 7.7 Hz, 2H), 1.57 (s, 6H), 1.45-1.65 (m,
2H), 1.2-1.4 (m, 6H), 1.06 (d, T = 6.5 Hz, 6H), 0.8-0.9 (m, 3H)

$9.41 (s, 1H), 7.1-7.35 (m, 5H), 6.8-6.95 (m, 1H), 6.7-6.8 (m, 1H), 3.48 (s, 2H),
2.95-3.1 (m, 1H), 2.57 (t, T = 7.7 Hz, 2H), 1.57 (s, 6H), 1.45-1.65 (m, 2H),
1.2-1.4 (m, 6H), 1.06 (d, T = 6.5 Hz, 6H), 0.8-0.9 (m, 3H)

89.74 (s, 1H), 7.1-7.35 (m, SH), 6.8-6.95 (m, 1H), 6.6-6.7 (m, 1H), 3.43 (s, 2H),
2.8-2.95 (m, 1H), 2.57 (t, T = 7.7 Hz, 2H), 1.52 (s, 6H), 1.5-1.65 (m, 2H), 1.2-
1.4 (m, 10H), 1.06 (d, T = 6.2 Hz, 6H), 0.85 (t, T = 6.9 Hz, 3H)

$9.45-9.55 (m, 1H), 7.1-7.35 (m, 5H), 6.8-6.95 (m, 1H), 6.7-6.8 (m, 1H), 3.47 (s,
2H), 2.95-3.1 (m, 1H), 2.57 (t, T = 7.7 Hz, 2H), 1.52 (s, 6H), 1.5-1.65 (m, 2H),
1.2-1.4 (m, 10H), 1.06 (d, T = 6.2 Hz, 6H), 0.85 (t, ] = 6.9 Hz, 3H)

$9.76 (s, 1H), 7.1-7.35 (m, SH), 6.8-6.95 (m, 1H), 6.6-6.8 (m, 1H), 3.42 (s, 2H),
2.89 (sep, J = 6.5 Hz, 1H), 2.4-2.55 (m, 1H), 1.65-1.9 (m, SH), 1.52 (s, 6H),
1.1-1.5 (m, SH), 1.07 (d, T = 6.6 Hz, 6H)

$9.41 (s, 1H), 7.1-7.35 (m, 5H), 6.8-6.95 (m, 1), 6.6-6.8 (m, 1H), 3.4-3.5 (m,
2H), 2.95-3.1 (m, 1H), 2.4-2.55 (m, 1H), 1.65-1.9 (m, SH), 1.52 (s, 6H), 1.1-1.5
(m, SH), 1.07 (d, T = 6.6 Hz, 6H)

810.15 (s, 1H), 7.61 (s, 1H), 7.26 (d, T = 3.8 Hz, 1H), 6.6-6.95 (m, 2H), 6.50

(s, 1H), 6.32 (d, T = 5.4 Hz, 1H), 3.42 (s, 2H), 3.02 (sep, ] = 5.2 Hz, 1 H), 1.52

(s, 6H), 1.12 (d, T = 5.2 Hz, 6H)

59.82 (s, 1H), 7.59 (s, 1H), 7.29 (d, T = 3.7 Hz, 1), 6.6-6.95 (m, 2H), 6.50 (s,
1H), 6.32 (d, T = 5.4 Hz, 1H), 3.50 (s, 2H), 3.02 (sep, ] = 5.2 Hz, 1H), 1.50

(s, 6H), 1.19 (d, T = 5.3 Hz, 6H)

59.84 (s, 1H), 7.1-7.5 (m, 5H), 6.8-6.95 (m, 1H), 6.6-6.8 (m, 1H), 3.4-3.6 (m,
2H), 2.56 (t, T = 7.7 Hz, 2H), 2.3-2.45 (m, 2H), 1.50 (s, 61), 1.05-1.65 (m, 16H),
0.75-0.9 (m, 6H)

$9.70 (s, 1H), 7.1-7.35 (m, SH), 6.8-6.95 (m, 1H), 6.6-6.8 (m, 1H), 3.42 (s, 2H),
2.57 (t, T = 7.6 Hz, 2H), 2.4-2.55 (m, 1H), 1.52 (s, 6H), 1.05-1.75 (m, 18H),
0.8-0.9 (m, 3H)

$9.34 (s, 1H), 7.1-7.35 (m, SH), 6.8-6.95 (m, 1H), 6.6-6.8 (m, 1H), 3.48 (s, 2H),
2.57 (t, T = 7.6 Hz, 2H), 2.4-2.55 (m, 1H), 1.52 (s, 6H), 1.05-1.75 (m, 18H),
0.8-0.9 (m, 3H)

10.30 (s, 1H), 7.53 (s, 1), 7.28 (d, T = 5.2 Hz, 1H), 7.20 (s, 41), 6.90 (t, T =
3.5 Hz, 1H), 6.73 (s, 1H), 6.38 (s, 1H), 6.07 (s, 1H), 3.50 (s, 2H), 2.59 (,

1=7.5 Hz, 2H), 1.58 (s, 6H), 1.5-1.65 (m, 2H), 1.2-1.4 (m, 6H), 0.8-0.9 (m, 3H)
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No.

measuring
conditions

tautomers

mixing ratio

1H NMR chemical shift or melting point

4-42

4-49

4-50

4-51

4-52

4-56

4-57

4-58

(i)

(i)

(i)

(i)

(i)

(i)
(i)

(i)

(i)

(i)

(i)

(i)

(i)

(i)

(i)

(i)

(i)

P-1

P-1

P-1

P-1

P-1

P-1

mixture of P-1
and P-3 9:1

mixture of P-1
and P-3 8:2

mixture of P-1
and P-3 6:4

mixture of P-1
and P-3 6:4

mixture of P-1

and P-3 6:4

mixture of P-1

and P-3 6:4

mixture of P-1

and P-3 7:3

mixture of P-1
and P-3 6:4

mixture of P-1
and P-3 7:3

mixture of P-1
and P-3 7:3

mixture of P-1
and P-3 7:3

89.57 (s, 1H), 7.1-7.25 (m, 4H), 2.87 (sep, I = 7.1 Hz, 1), 2.56 (¢, ] = 8.0 Hz,
2H), 1.62 (s, 6H), 1.45-1.85 (m, 13H), 1.25-1.4 (m, 12H), 1.10 (d, ] = 6.8 Hz,
6H), 0.8-0.9 (m, 3H)

89.60 (s, 1H), 7.1-7.25 (m, 4H), 3.0-3.15 (m, 1H), 2.56 (t, T = 8.0 Hz, 2H), 1.62
(s, 6H), 1.45-1.85 (m, 13H), 1.25-1.4 (m, 12H), 1.21 (d, T = 7.1 Hz, 6H), 0.8-
0.9 (m, 3H)

89.57 (s, 1H), 7.17 (s, 41), 2.8-2.95 (m, 1H), 2.56 (t, T = 7.8 Hz, 2H), 1.62 (s,
6H), 1.2-1.9 (m, 29H), 1.10 (d, T = 6.7 Hz, 6H), 0.86 (t, T = 7.2 Hz, 3H)

59.58 (s, 1H), 7.19 (dd, T = 8.2 Hz, 13.4 Hz, 4H), 2.8-2.95 (m, 1H), 2.4-2.55 (m,
1H), 1.61 (s, 6H), 1.15-1.9 (m, 27H), 1.11 (d, T = 6.8 Hz, 6H)

$9.94 (s, 1H), 7.58 (s, 1H), 6.4-6.5 (m, 1), 6.27 (d, T = 2.4 Hz, 1H), 3.02 (sep,
7=5.2 Hz, 1H), 1.64 (s, 6H), 1.3-1.85 (m, 17H), 1.13 (d, T = 5.1 Hz, 6H)

$9.94 (s, 1H), 7.56 (s, 1H), 6.67 (d, T = 2.2 Hz, 1H), 6.4-6.5 (m, 1), 3.35-3.45
(m, 1H), 1.64 (s, 6H), 1.3-1.85 (m, 17H), 1.26 (d, T = 5.3 Hz, 6H)

59.64 (s, 1H), 7.36 (d, 7 = 7.8 Hz, 2H), 7.13 (d, T = 8.7 Hz, 2H), 2.45-2.65 (m,
4H), 1.59 (s, 6H), 1.05-1.85 (m, 33H), 0.7-0.9 (m, 6H)

$9.53 (s, 1H), 7.1-7.2 (m, 4H), 2.56 (t, T = 8.0 Hz, 2H), 2.45-2.55 (m, 1H), 1.61
(s, 6H), 1.1-1.8 (m, 35H), 0.86 (t, ] = 6.8 Hz, 3H)

810.04 (s, 1H), 7.56 (s, 1H), 7.17 (s, 4H), 6.40 (s, 1H), 6.09 (d, T = 2.9 Hz,
1H), 2.58 (t, T = 7.7 Hz, 2H), 1.75-1.9 (m, 6H), 1.65 (s, 6H), 1.2-1.7 (m, 19H),
0.8-0.95 (m, 3H)

$10.21 (s, 1H), 7.2-7.4 (m, 7H), 7.05 (d, T = 4.9 Hz, 2), 2.93 (s, 2H), 2.8-2.9
(m, H), 2.5-2.6 (m, 2H), 1.5-1.65 (m, 2H), 0.9-1.35 (m, 16H), 0.86 (¢, ] = 5.3 Hz, 3H)
89.73 (s, 1H), 7.2-7.4 (m, 7H), 6.96 (d, T = 4.6 Hz, 2H), 2.99 (s, 2H), 2.9-3.05
(m, 1H), 2.5-2.6 (m, 2H), 1.5-1.65 (m, 2H), 0.9-1.35 (m, 16H), 0.86 (t, ] =

5.3 Hz, 3H)

$10.21 (s, 1H), 7.1-7.3 (m, 7H), 7.05 (d, T = 4.8 Hz, 21), 2.93 (s, 2H), 2.8-2.9
(m, 1H), 2.5-2.6 (m, 2H), 1.5-1.6 (m, 2H), 0.9-1.35 (m, 20H), 0.86 (¢, ] =

5.4 Hz, 3H)

$9.72 (s, 1H), 7.1-7.3 (m, 7H), 6.95 (d, T = 4.3 Hz, 2H), 2.99 (s, 2H), 2.9-3.0
(m, 1H), 2.5-2.6 (m, 2H), 1.5-1.6 (m, 2H), 0.9-1.35 (m, 20H), 0.86 (¢, ] =

5.4 Hz, 3H)

$10.21 (s, 1H), 7.1-7.3 (m, 7H), 7.05 (d, T = 4.6 Hz, 2), 2.93 (s, 2H), 2.8-2.9
(m, 1H), 2.4-2.6 (m, 1H), 1.75-1.85 (m, 4H), 0.95-1.5 (m, 16H)

89.74 (s, 1H), 7.1-7.3 (m, 7H), 6.9-7.0 (m, 2H), 2.98 (s, 2H), 2.9-3.0 (m, 1),
2.4-2.6 (m, 1H), 1.65-1.75 (m, 4H), 0.95-1.5 (m, 16H)

810.57 (s, 1H), 7.53 (s, 1H), 7.1-7.25 (m, 5H), 7.04 (d, T = 4.6 Hz, 1H), 6.62
(d, T = 2.4 Hz, 1H), 6.45-6.5 (m, 1H), 2.92 (s, 2H), 2.9-3.05 (m, 1H), 1.0-1.25
(m, 8H), 0.85-1.0 (m, 2H)

810.21 (s, 1H), 7.59 (s, 1H), 7.1-7.25 (m, 5H), 6.97 (d, T = 4.5 Hz, 1H), 6.4-6.5
(m, 1H), 6.28 (d, T = 2.4 Hz, 1H), 2.98 (s, 2H), 2.75-2.85 (m, 1H), 1.0-1.25

(m, 8H), 0.85-1.0 (m, 2H)

5 10.41 (s, 1H), 6.95-7.45 (m, 9H), 2.95-3.1 (m, 2H), 2.55 (¢, T = 5.8 Hz, 2H),
2.40 (d, T = 5.8 Hz, 2H), 1.5-1.65 (m, 2H), 1.0-1.4 (m, 16H), 0.75-0.95 (m, 8H)
89.80 (s, 1H), 6.95-7.45 (m, 9H), 2.95-3.1 (m, 2H), 2.55 (t, J = 5.8 Hz, 2H),
2.40 (d, T = 5.8 Hz, 2H), 1.5-1.65 (m, 2H), 1.0-1.4 (m, 16H), 0.75-0.95 (m, 8H)
$10.22 (s, 1H), 7.1-7.3 (m, 7H), 7.0-7.1 (m, 2H), 2.92 (s, 2H), 2.56 (t, T =

5.8 Hz, 2H), 2.45-2.7 (m, 1 H), 1.5-1.65 (m, 8H), 1.25-1.5 (m, 8), 1.0-1.25 (m, 4H),
0.8-0.95 (m, SH))

89.69 (s, 1H), 7.1-7.3 (m, 7H), 6.9-7.0 (m, 2H), 2.98 (s, 2H), 2.56 (t, ] =

5.8 Hz, 2H), 2.45-2.7 (m, 1H), 1.5-1.65 (m, 8H), 1.25-1.5 (m, 8), 1.0-1.25 (m, 4H),
0.8-0.95 (m, SH))

810.21 (s, 1H), 7.53 (s, 1H), 7.05-7.35 (m, 9H), 6.40 (s, 1H), 6.08 (s, 1H), 3.10
(s, 2H), 2.57 (t, T = 5.8 Hz, 2H), 1.5-1.65 (m, 2H), 1.2-1.4 (m, 6H), 0.9-1.0

(m, 2H), 0.8-0.9 (m, 5H)

89.68 (s, 1H), 7.1-7.35 (m, 4H), 6.85-7.1 (m, 2H), 6.65-6.85 (m, 2H), 3.09 (s,
2H), 2.86 (sep, T = 6.8 Hz, 1H), 2.57 (t, ] = 7.4 Hz, 2H), 2.22 (s, 3H), 1.50 (s,
6H), 1.4-1.65 (m, 2H), 1.15-1.4 (m, 10H), 1.02 (d, T = 6.2 Hz, 6H), 0.8~

0.95 (m, 3H)

$9.29 (s, 1H), 7.1-7.35 (m, 4H), 6.85-7.1 (m, 4H), 3.14 (s, 2H), 2.95-3.05 (m,
1H), 2.57 (t, T = 7.4 Hz, 2H), 2.22 (s, 3H), 1.50 (s, 6H), 1.4-1.65 (m, 2H), 1.15-
1.4 (m, 10H), 1.0-1.1 (m, 6H), 0.8-0.95 (m, 3H)

$9.69 (s, 1H), 7.15-7.2 (m, 4H), 6.85-7.0 (m, 2H), 6.73 (d, T = 7.9 Hz, 2H), 3.09
(s, 2H), 2.85 (sep, T = 6.7 Hz, 1H), 2.45-2.55 (m, 1H), 2.22 (s, 3H), 1.65-1.9
(m, SH), 1.50 (s, 6H), 1.15-1.5 (m, SH), 1.02 (d, T = 6.8 Hz, 6H)

$9.29 (s, 1H), 7.30 (d, T = 7.9 Hz, 2H), 7.15-7.2 (m, 2H), 6.85-7.0 (m, 41), 3.14
(s, 2H), 2.95-3.05 (m, 1H), 2.45-2.55 (m, 1H), 2.22 (5, 3H), 1.65-1.9 (m, 5H),
1.50 (s, 6H), 1.15-1.5 (m, 5H), 1.06 (d, T = 7.1 Hz, 6H)

810.11 (s, 1H), 7.61 (s, 1H), 6.96 (d, T = 5.6 Hz, 2H), 6.74 (d, T = 5.7 Hz, 2H),
6.50 (s, 1H), 6.32 (s, 1H), 3.10 (s, 2H), 2.98 (sep, ] = 5.3 Hz, 1 H), 2.22 (s,

3H), 1.49 (s, 6H), 1.07 (d, T = 5.2 Hz, 6H)

89.70 (s, 1H), 7.59 (s, 1H), 6.85-7.05 (m, 4H), 6.50 (s, 1H), 6.32 (s, 1H), 3.17
(s, 2H), 2.98 (sep, T = 5.3 Hz, 1H), 2.22 (s, 3H), 1.46 (s, 61), 1.15 (d, T =

4.6 Hz, 61)
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TABLE 21-continued
measuring
No. conditions tautomers mixingratio 1H NMR chemical shift or melting point
459 (ii) mixture of P-1 89.79 (s, 1H), 7.1-7.3 (m, 4H), 6.9-7.05 (m, 2H), 6.77 (d, T = 7.7 Hz, 2H), 3.18
and P-35:5 (s, 2H), 2.57 (¢, T = 7.5 Hz, 2H), 2.35-2.5 (m, 2H), 2.22 (s, 3H), 1.49 (s, 61),
1.55-1.65 (m, 2H), 1.2-1.45 (m, 8H), 1.05-1.2 (m, 6H), 0.85-0.9 (m, 3H), 0.7
0.85 (m, 3H)
89.71 (s, 1H), 7.42 (4,7 = 7.9 Hz, 2H), 7.1-7.3 (m, 4H), 6.9-7.05 (m, 2H), 3.11
(s, 2H), 2.57 (t, T = 7.5 Hz, 2H), 2.35-2.5 (m, 2H), 2.22 (s, 3H), 1.46 (s, 6H),
1.55-1.65 (m, 2H), 1.2-1.45 (m, 8H), 1.05-1.2 (m, 6H), 0.85-0.9 (m, 3H), 0.7-
0.85 (m, 3H)
460 (ii) mixture of P-1 8 9.64 (s, 1H), 7.15-7.25 (m, 4H), 6.85-7.05 (m, 2H), 6.65-6.8 (m, 2H), 3.09 (s,
and P-37:3  2H), 2.58 (¢, ] = 7.8 Hz, 2H), 2.4-2.65 (m, 1H), 2.22 (s, 3H), 1.45-1.75 (m, 8H),
1.50 (s, 6H), 1.25-1.4 (m, 8H), 1.05-1.25 (m, 2H), 0.8-0.95 (m, 3H)
$9.2-9.3 (m, 1H), 7.15-7.35 (m, 4H), 6.85-7.05 (m, 411, 3.1-3.2 (m, 2H), 2.58 (t,
1 =7.8 Hz, 2H), 2.4-2.65 (m, 1H), 2.22 (s, 3H), 1.45-1.75 (m, 8H), 1.50 (s,
6H), 1.25-1.4 (m, 8H), 1.05-1.25 (m, 2H), 0.8-0.95 (m, 3H)
461 (ii) P-1 810.23 (s, 1H), 7.52 (s, 1H), 7.20 (s, 4H), 7.00 (d, T = 7.4 Hz, 21), 6.86 (d,
1=7.8Hz, 2H), 6.37 (d, I = 1.6 Hz, 1H), 6.03 (d, ] = 2.82 Hz, 1H), 3.19 (s, 2H),
2.59 (t, T = 7.8 Hz, 2H), 2.22 (s, 3H), 1.54 (s, 6H), 1.45-1.7 (m, 2H), 1.2
145 (m, 6H), 0.8-0.9 (m, 3H)
462 (ii) P-1 $7.22(d, T=8.1 Hz, 2H), 7.11 (d, T = 8.2 Hz, 2H), 6.99 (d, ] = 7.7 Hz, 21),
6.69 (d,7 = 7.9 Hz, 2H), 4.11 (q, T = 7.1 Hz, 2H), 3.01 (s, 2H), 2.9-3.0 (m, 1H),
2.58 (t, T = 7.8 Hz, 2H), 2.23 (s, 3H), 1.45-1.65 (m, 2H), 1.51 (s, 6H), 1.2-
1.4 (m, 6H), 1.09 (d, T = 6.9 Hz, 6H), 1.07 (t, T = 7.1 Hz, 3H). 0.8-0.9 (m, 3H)
471 (i) P-1 8 7.15-7.63 (m, 8H), 6.90-6.98 (m, 2H), 3.17 (s, 2H), 2.60-2.74 (m, 1H), 1.64 (s,
6H), 0.96 (d, j = 6.9 Hz, 6H)
4-72 m.p. 117 to 119° C.
4-73 m.p. 69 to 71° C.
4-74 m.p. 113 to 115° C.
4-75 m.p. 102 to 104° C.
4-76 m.p. 101 to 103° C.
4-80 m.p. 88 to 90° C.
4-81 m.p. 58 to 60° C.
4-82 m.p. 133 to 135° C.
4-83 m.p. 109 to 111° C.
4-84 m.p. 108 to 110° C.
4-85 m.p. 88 to 90° C.
4-86 m.p. 140 to 142° C.
4-87 m.p. 108 to 110° C.
4-88 (i) P-1 12.7-13.1 (by, 1H), 7.12-7.21 (m, 3H), 6.84-6.94 (m, 2H), 3.11 (s, 2H), 3.04-
3.15 (m, 1H), 2.42 (s, 3H), 1.58 (s, 6H), 1.27 (d, T = 6.9 Hz, 61)
4-89 (i) P-1 $10.7-11.4 (by, 1H), 7.12-7.22 (m, 3H), 6.84-6.95 (m, 2H), 3.87 (s, 3H), 3.16 (s,
2H), 2.98-3.12 (m, 1H), 2.25 (s, 3H), 1.57 (s, 6H),. 1.21 (d, T = 6.8 Hz, 6H)
4-90 m.p. 149 to 151° C.
491 (ii) P-1 $9.6-9.9 (br, 1H), 7.1-7.25 (m, 3H), 6.8-6.9 (m, 2H), 4.02 (t, ] = 6.6 Hz, 2H),

3.11 (s, 2H), 3.07 (sep, J = 7.5 Hz, 1H), 2.11 (s, 3H), 1.5-1.7 (m, 2H), 1.49 (s,
6H), 1.2-1.4 (m, 6H), 1.09 (d, T = 6.8 Hz, 6H), 0.87 (t, ] = 6.8 Hz, 3H)

Now, the present invention will be described in further
detail with reference to Assay Examples. The CO, concen-
tration (%) ina CO, incubator is expressed by theratio of CO,
in the atmosphere in vol %. PBS denotes phosphate-buffered
saline (Sigma-Aldrich Japan), and FBS denotes fetal bovine
serum (Hana-Nesco Bio).

Assay Example 1

Expansion of CD34* Cells and CD34"CD38" Cells
Using Human Cord Blood-Derived CD34* Cells

Human cord blood-derived CD34™* cells were purchased
from Lonza and plated on a 24-well plate (Corning) (10000
cells/1 mL/well). As the culture medium, StemSpan SFEM
(StemCell Technologies) containing 100 ng/m[, SCF (Wako
Pure Chemical Industries) and 20 ng/mL TPO (PeproTech) in
terms of final concentration was used, and Compound No.
2-40 dissolved in dimethyl sulfoxide was added to the
medium in an amount 0f0.1% (v/v) to a final concentration of
0.1to 1 pg/mL. As a negative control, the medium containing
0.1% (v/v) dimethyl sulfoxide was used.

After the cells were incubated in liquid culture at 37° C. for
7 days in a CO, incubator (5% CO,), the number of viable
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cells was counted by trypan blue assay. The number of CD34*
cells and CD34"CD38~ cells was calculated as follows. After
the incubation, the cells in the liquid culture was stained with
a CD34 antibody (APC, Becton, Dickinson and Company)
and a CD38 antibody (PE, Becton, Dickinson and Company),
then washed with PBS(-) containing 2% (v/v) FBS and
stained with propidium iodide (Sigma-Aldrich Japan) added
to a final concentration of 5 pg/ml.. The stained cells were
analyzed with a BD FACSCANTO™ I flow cytometer (Bec-
ton, Dickinson and Company) to determined the proportions
of CD34* cells and CD34*CD38™ cells, which was multiplied
by the number of viable cells to calculate the numbers of
CD34* cells and CD34*CD38" cells.

The results demonstrate that the compounds of the present
invention showed excellent expansion activity on CD34*
cells and CD34*CD38" cells and have expansion activity on
hematopoietic stem cells and hematopoietic progenitor cells.
The expansion efficiencies in the presence 0o 0.1 to 1 ng/mL
of Compound No. 2-40 based on the number of CD34* cells
in the absence of the compound are shown in FIG. 1. The
expansion efficiencies in the presence of 0.1 to 1 ug/mlL of
Compound No. 2-40 based on the number of CD34*CD38~
cells in the absence of the compound are shown in FIG. 2.
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Assay Example 2

Expansion of CD34*CD38~ Cells Using Human
Cord Blood-Derived CD34" Cells

Human cord blood-derived CD34" cells purchased from
the same supplier as in Assay Example 1 were plated on a
24-well plate (Corning) (10000 cells/1 mL/well). As the cul-
ture medium, StemSpan SFEM (StemCell Technologies)
containing 100 ng/mL SCF (Wako Pure Chemical Industries)
was used, and the combination 0f 20 ng/mI. TPO (PeproTech)
in terms of final concentration with 100 ng/ml. F1t3-ligand
(FL, Wako Pure Chemical Industries) in terms of final con-
centration or 1 pg/ml, Compound No. 2-40 in terms of final
concentration was added.

After the cells were incubated in liquid culture at 37° C. for
7 days in a CO, incubator (5% CO,), the number of viable
cells was counted by trypan blue assay. The number of CD34*
CD38" cells was calculated in the same manner as in Assay
Example 1.

The results demonstrate that the compound of the present
invention showed excellent expansion activity on CD34*
CD38" cells in the presence of SCF alone, in the presence of
SCF and TPO and in the presence of SCF, TPO and FL, as
compared with when the compound of the present invention
was not added.

The expansion efficiencies in the presence of Compound
No. 2-40 and various cyclokines based on the number of
CD34*CD38" cells in the presence of 100 ng/ml. SCF in
terms of final concentration in the absence of the compound
are shown in FIG. 3.

Assay Example 3

Expansion of CD34*CD38" Cells Using Human
Cord Blood-Derived CD34* Cells

Human cord blood-derived CD34" cells purchased from
the same supplier as in Assay Example 1 were plated on a
24-well plate (Corning) (10000 cells/1 mL/well). As the cul-
ture medium, StemSpan SFEM (StemCell Technologies)
containing 100 ng/mL SCF (Wako Pure Chemical Industries)
in terms of final concentration and 20 ng/ml. TPO (Pepro-
Tech) in terms of final concentration was used, and Com-
pounds Nos. 1-01 to 4-91 dissolved in dimethyl sulfoxide
were added inan amount 0f0.1% (v/v) to a final concentration
of 0.01 to 10 pg/ml. As a negative control, the medium
containing 0.1% (v/v) dimethyl sulfoxide was used.

After the cells were incubated in liquid culture at 37° C. for
7 days in a CO, incubator (5% CO,), the number of viable
cells was counted by trypan blue assay. The number of CD34*
CD38" cells was calculated in the same manner as in Assay
Example 1.

The results demonstrate that the compounds of the present
invention showed excellent expansion activities on CD34*
cells and CD34*CD38" cells and have expansion activity on
hematopoietic stem cells and hematopoietic progenitor cells.
The expansion efficiencies in the presence of 0.01 to 10
ng/ml. of the compounds based on the number of CD34*
CD38" cells in the absence of the compounds are shown in
Table 22 on a scale of A for expansion efficiencies of 4 or
greater, B for expansion efficiencies of at least 3 and less than
4, and C for expansion efficiencies of at least 1.5 and less than
3.
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TABLE 22

Compound
No.

Expansion efficiency

1-01
1-02
1-03
1-04
1-07
2-01
2-02
2-03
2-04
2-06
2-07
2-09
2-10
2-12
2-14
2-15
2-16
2-18
2-19
2-20
2-21
2-22
2-23
2-24
2-25
2-28
2-29
2-30
2-31
2-32
2-33
2-49
2-34
2-35
2-36
2-37
2-38
2-39
2-40
2-43
2-44
2-45
2-46
2-47
2-48
2-50
3-01
3-02
3-03
3-05
3-06
3-07
3-08
3-09
3-10
3-11
3-12
3-16
3-17
3-18
3-19
3-20
3-21
3-22
3-23
3-24
3-25
3-27
3-28
3-29
3-30
3-32
3-33
3-34
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TABLE 22-continued

Compound

No. Expansion efficiency

3-35
3-36
3-37
3-38
3-39
3-40
3-41
3-43
3-46
3-47
3-48
3-49
4-01
412
413
4-14
415
4-16
423
4-28
4-29
4-30
4-32
4-33
4-34
4-35
4-36
4-37
4-39
4-40
4-41
4-42
4-43
4-44
4-45
4-46
4-47
4-48
4-49
4-50
4-51
4-53
4-54
4-55
4-56
4-57
4-59
4-60
4-61
4-62
472
473
474
475
4-76
4-80
4-81
4-82
4-83
4-84
4-85
4-86
4-87
4-88
4-89
491
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Assay Example 4

Expansion of CD34*CD38~ Cells Using Human
Cord Blood-Derived CD34*CD38~ Cells

Human cord blood-derived CD34" cells purchased from
the same supplier as in Assay Example 1 were stained with an
anti CD34 antibody (APC, Becton Dickinson) and an anti
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CD38 antibody (PE, Becton Dickinson) and sorted by a flow-
cytometer JSAN (Bay Bioscience) to collect CD34*CD38~
cells. The collected cells were plated on a 24-well plate
(Corning) (10000 cells/1 ml./well). As the culture medium,
StemSpan SFEM (StemCell Technologies) containing 100
ng/ml SCF (Wako Pure Chemical Industries) in terms of final
concentration and 20 ng/m[. TPO in terms of final concentra-
tion was used, and Compound No. 2-40 dissolved in dimethyl
sulfoxide was added in an amount of 0.1% (v/v) to the
medium to a final concentration of 1 pg/ml.. As a negative
control, the medium containing 0.1% (v/v) dimethyl sulfox-
ide was used.

After the cells were incubated in liquid culture at 37° C. for
7 days in a CO, incubator (5% CO,), the number of viable
cells was counted by trypan blue assay. The number of CD34*
CD38" cells was calculated in the same manner as in Assay
Example 1.

The results demonstrate that the compound of the present
invention showed excellent expansion activity on CD34*
CD38" cells and have expansion activity on hematopoietic
stem cells and hematopoietic progenitor cells. The expansion
efficiencies in the presence of 1 pg/ml. of Compound No.
2-40 based on the number of CD34*CD38" cells in the
absence of the compound are shown in FIG. 4.

Assay Example 5

Expansion of HPP-CFU and CFU-GEMM Using
Human Cord Blood-Derived CD34* Cells

The effects of Compound No. 2-40 of the present invention
on hematopoietic progenitor cells were measured by blood
cell colony forming assay. The liquid cell cultures obtained in
Assay Example 1 were poured into 3.5-cm Petri dishes with
MethoCult GF H4435 culture medium (StemCell Technolo-
gies) at 500 cells/dish and incubated in a CO, incubator (5%
CO,, 37° C.) for 12 days. The numbers of HPP-CFC colonies
and CFU-GEMM colonies in each plate were counted under
a microscope according to the routine method. The assay was
carried out at least in duplicate, and the numbers of HPP-CFC
colonies and CFU-GEMM colonies were averaged and evalu-
ated.

The results demonstrate that the compounds of the present
invention remarkably stimulated formation of HPP-CFU
colonies and CFU-GEMM colonies and have expansion
activity on hematopoietic progenitor cells.

The results are shown in Table 23.

TABLE 23

Number of
CFU-GEMM colonies

Number of

Specific Compound HPP-CFC colonies

None 30 3
Compound No. 2-40 37 7
Assay Example 6

Transplantation of Cell Culture into
Immunodeficient (NOD/SCID) Mice

Human cord blood-derived CD34" cells cultured in the
presence of 1 ng/ml. Compound No. 2-9, 2-37 or 2-40 in
terms of final concentration or in the presence of 0.1% (v/v)
dimethyl sulfoxide instead of them in the same manner as in
Assay Example 1 were transplanted into at least five 7- to
8-week-old NOD/SCID mice by tail vein injection at 3x10*
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cells/mouse in terms ofthe initial number of CD34* cells after
a sublethal dose of irradiation (2.75 to 3 Gy). Eight weeks
after the transplantation, the mice were killed, and the bone
marrow cells were collected from both thighbones. Subse-
quently, the bone marrow cells were stained with a human
CD45 antibody (APC, Becton, Dickinson and Company),
then washed with PBS(-) containing 2% (v/v) FBS and
stained with propidium iodide (Sigma-Aldrich Japan) added
to a final concentration of 5 pg/ml. The stained cells were
analyzed by flow cytometry to determine the proportion of
human CD45* cells in the bone marrow cells. The results
demonstrate that the specific compounds of the present inven-
tion have excellent SRC expanding effects and have expan-
sion activities on hematopoietic stem cells.

The engrafted proportion of human CD45* cells in the
mice transplanted with the CD34* cells cultured in the pres-
ence of 1 pg/ml of Compound No. 2-9, 2-37 or 2-40 based on
the proportion of human CD45" cells in the mice transplanted
with those in the absence of them are shown in FIG. 5.

INDUSTRIAL APPLICABILITY

The specific compounds of the present invention can
expand human hematopoietic stem cells and/or hematopoi-
etic progenitor cells in culture ex vivo in a less differentiated
state when used as an active ingredient, as compared with in
their absence. Cells expanded or transfected by using the
compounds of the present invention are useful as a hemato-
poietic cell transplant for diseases accompanied by hemato-
poietic dysfunction, ischemia or immune dysfunction and
hence application of the cells to cell therapy and gene therapy
is expected.

The entire disclosures of Japanese Patent Application No.
2010-268775 filed on Dec. 1, 2010 and Japanese Patent
Application No. 2011-217827 filed on Sep. 30, 2011 includ-
ing specifications, claims, drawings and summaries are incor-
porated herein by reference in their entireties.

The invention claimed is:

1. A method of producing hematopoietic stem cells and/or
hematopoietic progenitor cells, the method comprising
expanding CD 34+ hematopoietic stem cells and/or hemato-
poietic progenitor cells by contacting the hematopoietic stem
cells in an ex vivo culture with stem cell factor (SCF) and a
pyrazole compound represented by the formula (1):

M
Rl

3%

RZ

N OR?,
5
8

=

/

A

R
X
SR

wherein:

R'is C,-C4alkyl, C,-C, alkyl substituted with R'7, C,-C,
haloalkyl, C;-C cycloalkyl, phenyl or phenyl substi-
tuted with a R'*’s, and when a is an integer of at least 2,
each R'! may be identical with or different from one
another;

R? is a hydrogen atom, a halogen atom, C,-Cy alkyl, D2,
benzyl, benzyl having a benzene ring optionally substi-
tuted with e R*'’s, phenyl or phenyl optionally substi-
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tuted with e R*'’s, when e is an integer of at least 2, each
R*! may be identical with or different from one another,

when there are two neighboring R*! s, the two neighboring
R*"’s may form —OCH,0—, —OCH,CH,O0— or
—CH—CHCH—CH— to form, together with the car-
bon atoms attached to the two R?"’s, a S-membered or
6-membered ring which may have one or more hydrogen
atoms on the ring-constituting carbon atoms replaced by
one or more Z’s which may be identical with or different
from one another, if two or more Z’s are present;

R? is a hydrogen atom;

X is —(CR°R"),—;

each of R* and R” is independently C,-C,, alkyl;

each of R® and R” is a hydrogen atom;

R®is D2, F1, F2, phenyl or phenyl optionally substituted
with k R®'*s, and when k is an integer of at least 2, each
R® may be identical with or different from one another;

when there are two neighboring R*! s, the two neighboring
R®*’s may form —OCH,0—, —CH,CH,CH,— or
—CH—CHCH—CH— to form, together with the car-
bon atoms attached to the two R3!’s, a 5-membered or
6-membered ring which may have one or more hydrogen
atoms on the ring-constituting carbon atoms replaced by
one or more Z’s which may be identical with or different
from one another, if two or more Z’s are present;

D2 is an aromatic heterocyclic rings represented by the
following structural formula,

D2
\/ 4 \\/‘ R

F1 to F2 are rings represented by the following formulae,
respectively,

F1

F2

R? is a halogen atom, C, -C, alkyl, phenoxy, or phenyl and
when s2 is an integer of at least 2, each R* may be
identical with or different from one another, and

R is a halogen atom, C,-C; alkyl, C,-C alkoxy, C,-C,
haloalkyl, C,-C haloalkoxy or nitro;

R'?is C,-C, alkyl;

R!'7 is —C(O)OR'?, or phenyl;

R?! is a halogen atom, nitro, cyano, C,-C,, alkyl, C,-Cg
alkoxy, C,-C, alkoxy(C,-C,) alkoxy, C,-C, haloalkyl,
or phenyl;

R®! is a halogen atom, C,-C, alkyl, C,-C, haloalkyl, C,-Cy
alkoxy, phenyl or phenoxy;

Z is a halogen atom, or C,-C4 alkyl;

a, e, k are integers of from 1 to 5;

s2 is an integer of from 0 to 3;

n is an integer of 1;
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atautomer of the compound or a pharmaceutically acceptable
salt or solvate thereof.

2. The method according to claim 1, wherein the hemato-
poietic stem cells and/or hematopoietic progenitor cells to be
expanded ex vivo are CD34*CD38" cells.

3. The method according to claim 1, wherein the cells to be
expanded are HPP-CFU colony forming cells.

4. The method according to claim 1, wherein the cells to be
expanded are SCID-repopulating cells (SRC).

5. The method according to claim 1, wherein the hemato-
poietic stem cells are obtained from the bone marrow, the
liver, the spleen, peripheral blood or cord blood.

6. The method according to claim 5, wherein the hemato-
poietic stem cells are obtained from cord blood.

7. The method according to claim 6, comprising culturing
hematopoietic stem cells and/or hematopoietic progenitor
cells in the presence of at least one species selected from the
group consisting of stem cell factor (SCF), thrombopoietin
(TPO) and flk2/1t3 ligand (FL).

8. A method for producing transformed hematopoietic
stem cells, the method comprising transferring a gene into
hematopoietic stem cells and/or hematopoietic progenitor
cells while culturing the hematopoietic stem cells and/or
hematopoietic progenitor cells ex vivo in the presence of a
compound represented by the following formula (I)

M
R! R’

g%

2
N OR?,

A

RS
X
R

~=

/

~

a tautomer or pharmaceutically acceptable salt of the com-
pound or a solvate thereof, or expanding hematopoietic stem
cells carrying a gene transferred into them by culturing the
hematopoietic stem cells ex vivo in the presence of the com-
pound represented by the formula (I), a tautomer or pharma-
ceutically acceptable salt of the compound or a solvate
thereof,

wherein:

R' is C,-C, alkyl, C,-C, alkyl substituted with R'”, C,-C,
haloalkyl, C;-C, cycloalkyl, phenyl or phenyl substi-
tuted with a R'*’s, and when a is an integer of at least 2,
each R'' may be identical with or different from one
another;

R? is a hydrogen atom, a halogen atom, C,-C, alkyl, D2,
benzyl, benzyl having a benzene ring optionally substi-
tuted with e R>"’s, phenyl or phenyl optionally substi-
tuted with e R*"’s, when e is an integer of at least 2, each
R*' may be identical with or different from one another,

when there are two neighboring R*!’s, the two neighboring
R*"’s may form —OCH,0—, —OCH,CH,O— or
—CH—CHCH—CH— to form, together with the car-
bon atoms attached to the two R?"’s, a S-membered or
6-membered ring which may have one or more hydrogen
atoms on the ring-constituting carbon atoms replaced by
one or more Z’s which may be identical with or different
from one another, if two or more Z’s are present;

R? is a hydrogen atom;

X is —(CR°R"),—;

each of R4 and RS is independently C,-C, alkyl;
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each of R® and R” is a hydrogen atom;

R® is D2, F1, F2, phenyl or phenyl optionally substituted
with k R®'*s, and when k is an integer of at least 2, each
R® may be identical with or different from one another;

when there are two neighboring R*! s, the two neighboring
R*’s may form —OCH,0—, —CH,CH,CH,— or
—CH—CHCH—CH— to form, together with the car-
bon atoms attached to the two R3!’s, a 5-membered or
6-membered ring which may have one or more hydrogen
atoms on the ring-constituting carbon atoms replaced by
one or more Z’s which may be identical with or different
from one another, if two or more Z’s are present;

D2 is an aromatic heterocyclic rings represented by the
following structural formula,

D2
~t 1 \\/\ R

F1 to F2 are rings represented by the following formulae,
respectively,

F1

F2

R?is ahalogen atom, and when s2 is an integer of at least 2,
each R* may be identical with or different from one
another, and

R is a halogen atom, C,-C alkyl, C,-C alkoxy, C,-C,
haloalkyl, C,-C, haloalkoxy or nitro;

R'?is C,-C, alkyl;

R'* is a halogen atom, nitro, cyano, C,-C, alkyl, C,-Cy
haloalkyl, C,-C, alkoxy, C,-Cg haloalkoxy, phenoxy or
phenyl;

R'7 is —C(O)OR'?, or phenyl;

R?! is a halogen atom, nitro, cyano, C,-C,, alkyl, C,-Cg
alkoxy, C,-C, alkoxy(C,-C,) alkoxy, C,-C, haloalkyl,

R®! is ahalogen atom, C,-C alkyl, C,-Cshaloalkyl, C,-Cy
alkoxy, phenyl or phenoxy;

Z is a halogen atom, or C,-C, alkyl;

a, e, k are integers of from 1 to 5;

s2 is an integer of from 0 to 3; and

nis 1.

9. The method according to claim 8, wherein the culturing
occurs in the presence of a culture medium comprising at least
one blood cell stimulating factor.

10. The method according to claim 9, wherein the blood
cell stimulating factor is at least one species selected from the
group consisting of stem cell factor (SCF), interleukin 3 (IL-
3), interleukin 6 (IL-6), interleukin 11 (IL-11), flk2/f1t3 ligand
(FL), granulocyte colony stimulating factor (G-CSF), granu-
locyte-macrophage colony stimulating factor (GM-CSF),
thrombopoietin (TPO) and erythropoietin (EPO).
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11. The method according to claim 8, wherein the hemato-
poietic stem cells and/or hematopoietic progenitor cells are
obtained from the bone marrow, the liver, the spleen, periph-
eral blood or cord blood.

12. A method of producing hematopoietic stem cells and/or
hematopoietic progenitor cells, the method comprising
expanding CD34+ hematopoietic stem cells and/or hemato-
poietic progenitor cells by contacting the hematopoietic stem
cells in an ex vivo culture with stem cell factor and a pyrazole
compound represented by the formula (1):

M
Rl

.

RZ

N OR?,
5
8

=

A

R
X
Sy

wherein:

R' is C,-C, alkyl, C,-C, alkyl substituted with R'”, C,-C,
haloalkyl, C;-C, cycloalkyl, phenyl or phenyl substi-
tuted witha R'*’s, when a is an integer of at least 2, each
R may be identical with or different from one another;

R?is C,-C,alkyl, D2, benzyl, benzyl having a benzene ring
optionally substituted with e R*>'"s, phenyl or phenyl
optionally substituted with e R*!’s, when e is an integer
of at least 2, each R*! may be identical with or different
from one another;

when there are two neighboring R*"’s, the two neighboring
R*"’s may form —OCH,0—, —OCH,CH,O— or
—CH—CHCH—CH— to form, together with the car-
bon atoms attached to the two R?!’s, a 5-membered or
6-membered ring which may have one or more hydrogen
atoms on the ring-constituting carbon atoms replaced by
one or more Z’s which may be identical with or different
from one another, if two or more Z’s are present;

R? is a hydrogen atom;

X is a single bond;

each of R* and R” is independently C,-C,, alkyl;

R® is D2, F1, F2, phenyl or phenyl optionally substituted
with k R®"*s, and when k is an integer of at least 2, each
R®' may be identical with or different from one another,
and

when there are two neighboring R®"’s, the two neighboring
R®*’s may form —OCH,0—, —CH,CH,CH,— or
—CH—CHCH—CH— to form, together with the car-
bon atoms attached to the two R3!’s, a 5-membered or
6-membered ring which may have one or more hydrogen
atoms on the ring-constituting carbon atoms replaced by
one or more Z’s which may be identical with or different
from one another, if two or more Z’s are present,

D2 is an aromatic heterocyclic ring represented by the
following structural formula,

D2
~L " \/l (R2>52
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F1 to F2 are rings represented by the following formulae,
respectively,

F1

F2

R? is a halogen atom, C,-C, alkyl, phenoxy or phenyl, and
when s2 is an integer of at least 2, each R* may be
identical with or different from one another, and

R is a halogen atom, C,-C; alkyl, C,-C alkoxy, C,-C,
haloalkyl, C,-C haloalkoxy or nitro,

R'?is C,-C, alkyl;

R'7 is —C(O)OR'? or phenyl;

R?! is a halogen atom, C,-C, alkyl, C,-C alkoxy, C,-C,
alkoxy(C,-C,) alkoxy, C,-C, haloalkyl, nitro, cyano or
phenyl;

R®! is a halogen atom, C,-C, alkyl, C,-C, haloalkyl, C,-Cg
alkoxy or phenoxy;

Z is a halogen atom or C,-C, alkyl;

a, e, and k are integers of from 1 to 5;

s2 s an integer of from 0 to 3;

atautomer of the compound or a pharmaceutically acceptable
salt or solvate thereof.

13. The method according to claim 1, wherein

R? is a hydrogen atom, a halogen atom, C,-C, alkyl, D2,
benzyl, phenyl or phenyl optionally substituted with e
R?!"’s, when e is an integer of at least 2, each R*' may be
identical with or different from one another;

when there are two neighboring R*!*s, the two neighboring
R*V’s may form —OCH,0—, or
—CH—CHCH—CH— to form, together with the car-
bon atoms attached to the two R?!’s, a 5-membered or
6-membered ring;

R®is D2, F1, phenyl or phenyl optionally substituted with
k R®s, and when k is an integer of at least 2, each R®!
may be identical with or different from one another,
when there are two neighboring R®"’s, the two neigh-
boring R®’s may form —CH,CH,CH,— or
—CH—CHCH—CH— to form, together with the car-
bon atoms attached to the two R®*"’s, a 5-membered ring
or a 6-membered ring;

R'! is a halogen atom, C,-C alkyl or C,-C alkoxy;

R!7 is phenyl;

R?! is a halogen atom, C,-C , alkyl, C,-C alkoxy, C,-C,
alkoxy(C,-C,) alkoxy, C,-C, haloalkyl, or phenyl;

R®! is a halogen atom, C,-C, alkyl, C,-C, haloalkyl or
C,-C; alkoxy;

a tautomer of the compound, or a pharmaceutically accept-
able salt or solvate thereof.

14. The method according to claim 12, wherein

R! is C,-C4 alkyl, C,-C, cycloalkyl, or phenyl substituted
with a R'"’s, and when a is an integer of at least 2, each
R may be identical with or different from one another;

R? is a C,-C, alkyl, benzyl, phenyl or phenyl optionally
substituted with e R>!”s, when e is an integer of at least
2, each R*! may be identical with or different from one
another;
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R? is phenyl or phenyl optionally substituted with k R®"’s,
and when k is an integer of at least 2, each R®*" may be
identical with or different from one another,

R''isa C,-C, alkyl;

R*'isaC,-C,, alkyl;

R®! is a halogen atom;

atautomer of the compound, or a pharmaceutically accept-
able salt or solvate thereof.

15. The method according to claim 12, wherein the pyro-

zole compound is a compound of the following formula:

R! R?
T\
\N OR3
2 / 6
I RSI
3 \ I 5

wherein

R' is CH,; R? is CH,; and R? and R®' are H;

R! is CH,; R? is n-hexyl; and R?® and R®" are H;

R' is CH,; R? is phenyl-CH,; and R and R®' are H;

R! is n-propyl; R? is phenyl; and R® and R®" are H;

R'is i-propyl; R is (4-n-hexyl)phenyl; and R> and R®! are
H.

R is c-propyl; R? is (4-n-hexyl)phenyl; and R® and R®! are
H.

R! is i-propyl; R is (4-n-hexyl)phenyl; R is H; and R®! is
4-Cl,

R! is c-propyl; R? is (4-n-hexyl)phenyl; R is H; and R®! is
4-Cl,

R! is (4-t-butyl)phenyl; R? is (4-n-hexyl)phenyl; R? is H;
and R® is 4-Cl;

R is i-propyl; R? is n-propyl; and R® and R®' are H;

R! is (4-t-butyl)phenyl; R* is (4-n-hexyl)phenyl; and R>
and R® are H; or

R'is (4-t-butyl)phenyl; R* isn-hexyl; and R* and R®! are H.

16. The method according to claim 1, wherein the pyrozole

compound is a compound of the following formula:

wherein

R' is CH,; R?is H; and R? and R®! are H;

R' is CH,; R? is CH,; and R? and R®! are H;

R! is CH,; R? is n-hexyl; and R?® and R®" are H;

R' is CH,; R? is phenyl-CH,; and R and R®' are H;
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R! is phenyl; R? is phenyl; and R® and R®" are H;

R! is n-propyl; R? is phenyl; and R® and R*' are H;

R! is i-propyl; R* is phenyl; and R* and R®" are H;

R! is c-propyl; R? is phenyl; and R® and R®*" are H;

R! is n-butyl; R? is phenyl; and R®> and R®! are H;

R! is (4-CH,)phenyl; R? is phenyl; and R> and R®! are H;

R! is (4-Cl)phenyl; R? is phenyl; and R® and R®! are H;

R! is ((3,4-(OCH,),)phenyl; R? is phenyl; and R® and R*
are H;

R!is CH;; R? is (4-CH,)phenyl; and R® and R®" are H;

R!is CH,; R? is (2-CH,)phenyl; and R® and R®" are H;

R'is CH,; R? is {3,4-(CH,),} phenyl; and R® and R®" are
H;

R!is CH,; R? is (4-phenyl)phenyl; and R*> and R®! are H;

R!is CH;; R? is (4-t-butyl)phenyl; and R® and R®! are H;

R! is CH;; R? is napthalen-1-yl; and R and R®! are H;

R!is CH,; R? is (4-n-hexyl)phenyl; and R® and R® are H;

R!is CH;; R? is (4-OCH,)phenyl; and R? and R®! are H;

R!is CH,; R? is benzo[d][1,3]dioxol-5-y1; and R® and R®*
are H;

R' is CH,; R? is ({4-O(CH,),O-ethyl}phenyl; and R* and
R® are H;

R!is CH;; R? is (4-Cl)phenyl; and R> and R®! are H;

R!is CH;; R? is (3,4-Cl,)phenyl; and R® and R®' are H;

R!is CH,; R? is thiophen-2-yl; and R® and R®" are H;

R!is i-propyl; R? is (4-CH,)phenyl; and R® and R*" are H;

R! is i-propyl; R? is (2-CH,)phenyl; and R? and R®! are H;

R' is i-propyl; R? is {3,4-(CH,), }phenyl; and R* and R®'
are H;

R! is i-propyl; R? is (4-phenyl)phenyl; and R* and R* are
H.

R! is i-propyl; R? is (4-t-butyl)phenyl; and R* and R®" are

Hs
R! isi-propyl; R? is napathalen-1-yl; and R* and R®" are H;
R! is i-propyl; R? is (4-n-hexyl)phenyl; and R* and R* are

Hs
R! is i-propyl; R? is (4-OCH,)phenyl; and R> and R®! are
H.

R! is i-propyl; R? is benzo[d][1,3]dioxol-5-yl; and R? and
R® are H;

R! is i-propyl; R? is {4-O(CH,),O-ethyl}phenyl; and R?
and R®! are H;

R! is i-propyl; R? is (4-Cl)phenyl; and R® and R®' are H;

R!isi-propyl; R?is (3,4-Cl,)phenyl; and R® and R®! are H;

R! is i-propyl; R? is thiophen-2-yl; and R and R®! are H;

R!is CH,; R? is (4-CF,)phenyl; and R? and R®! are H;

R! is i-propyl; R? is (4-CF)phenyl; and R® and R®' are H;

R! is i-propyl; R? is H; R? is H; and R®! is 4-CH,;

R!is (4-OCH,)phenyl; R? is H; R® is H; and R*' is 4-CHs;

R! is i-propyl; R? is (4-n-hexyl)phenyl; R? is H; and R® is
4-CH;;

R!is CF,; R?is H; R® is H; and R®! is 4-CHs;

R!is 1,1-(CH,),-2-phenyl-ethyl; R? is H; R® is H; and R®!
is 4-CH;;

R! is phenyl; R? is H; R? is H; and R®! is 4-CH,;

R! is i-propyl; R? is H; R? is H; and R®' is 4-Br;

R! is phenyl; and R?, R® and R®' are H;

R! is i-propyl; and R?, R® and R®! are H;

R! is i-propyl; R? is (4-n-hexyl)phenyl; R? is H; and R® is
2-CH;;

R! is i-propyl; R? is H; R? is H; and R®" is 3-CH,;

R! is i-propyl; R? is (4-n-hexyl)phenyl; R? is H; and R®! is
3-CH;;

R! is i-propyl; R? is H; R? is H; and R®' is 4-t-butyl;

R! is i-propyl; R? is (4-n-hexyl)phenyl; R? is H; and R®! is
4-Cl,
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R is c-propyl; R? is (4-n-hexyl)phenyl; R® is H; and R®" is
4-Cl,

R! is i-propyl; R? is n-propyl; R® is H; and R®! is 4-Cl;

R is (4-t-butyl)phenyl; R? is (4-n-hexyl)phenyl; R is H;
and R®! is 4-Cl;

R! is i-propyl; R is (4-n-hexyl)phenyl; R is H; and R®! is
4-OCHs;

R! is c-propyl; R? is (4-n-hexyl)phenyl; R is H; and R®! is
4-OCHs;

R is (4-t-butyl)phenyl; R? is (4-n-hexyl)phenyl; R is H;
and R¥ is 4-OCHs,;

R is i-propyl; R?is Br; R? is H; and R®! is 3-CHj;

R is i-propyl; R?is Br; R? is H; and R®! is H;

R is i-propyl; R? is (4-n-hexyl)phenyl; R® is H; and R®! is
4-n-hexyl;

R isi-propyl; R?is (4-n-C¢H, ,)phenyl; R® is H; and R®' is
4-CH;;

R! is n-hexyl; R? is (4-n-hexyl)phenyl; R? is H; and R*! is
4-CHj;

R! is c-hexyl; R? is (4-n-hexyl)phenyl; R? is H; and R*! is
4-CHj;

R'is (2,4-F,)phenyl; R? is (4-n-hexyl)phenyl; R® is H; and
R® is 4-CH,;

R is i-propyl; R? is (4-n-hexyl)phenyl; R® is H; and R®! is
4-CF5;

R'is (2,4-F,)phenyl; R? is (4-n-hexyl)phenyl; R is H; and
R* is 4-CF;

R is i-propyl; R? is (4-n-hexyl)phenyl; R® is H; and R®! is
2,4-F,;or

R'is (2,4-F,)phenyl; R? is (4-n-hexyl)phenyl; R® is H; and
R®' is 2,4-F,.

17. The method according to claim 1, wherein the pyrozole

compound is a compound of the following formula:

R! R?
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wherein

R! is i-propyl; R? is (4-n-hexyl)phenyl; R? is H; and R® is
naphthalene-1-yl;

R! is i-propyl; R? is (4-n-CH, ,)phenyl; R? is H; and R®is
naphthalene-1-yl;

R! is n-hexyl; R? is (4-n-hexyl)phenyl; R? is H; and R® is
naphthalene-1-yl;

R! is c-hexyl; R? is (4-n-hexyl)phenyl; R? is H; and R® is
naphthalene-1-yl;

R! is i-propyl; R? is (4-n-hexyl)phenyl; R? is H; and R® is
thiophen-2-yl;

R! is i-propyl; R? is (4-n-CH, ,)phenyl; R® is H; and R® is
thiophen-2-yl;

R! is n-hexyl; R? is (4-n-hexyl)phenyl; R? is H; and R® is
thiophen-2-yl;

R! is c-hexyl; R? is (4-n-hexyl)phenyl; R? is H; and R® is
thiophen-2-yl;

R! is i-propyl; R? is (4-n-hexyl)phenyl; R? is H; and R® is
1-adamantyl;

R! is i-propyl; R? is (4-n-CH, ,)phenyl; R® is H; and R® is
1-adamantyl;

R! is n-hexyl; R? is (4-n-hexyl)phenyl; R? is H; and R® is
1-adamantyl;

R! is c-hexyl; R? is (4-n-hexyl)phenyl; R? is H; and R® is
1-adamantyl;

R! is i-propyl; R? is (4-n-hexyl)phenyl; R? is H; and R® is
2,3-dihydro-1H-inden-5-yl; or

R!is (2,4-F,); R? is (4-n-hexyl)phenyl; R? is H; and R®is
2,3-dihydro-1H-inden-5-yl.

18. The method according to claim 1, wherein the pyrozole

compound is a compound of the following formula:

R! R?
I\
~N N OR3
R* R’

wherein R is i-propyl; R? is (4-n-hexyl)phenyl; R? is H;
and R* and R” are C,Hs.

#* #* #* #* #*



